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ABOUT ENERY TECHNOLOGY HODULES . .

7 .

<

The modules were developed by TERC C-SW for use in two-year postsecondary techn1ca1

mstlttf\ons to prepaxe technicians for employment andﬂe useful in 1ndust y for up-

e -~

dating employees in company-sponsored, aining programs. The pr1nc1p1es, techniques,

and ‘skills taught in the modules, based on tasks that energy tethnicians perform,’ were

'obtained from a nationwide advisory committee of employers of energy technicians. Each

t kN 123
_module wal written by - technical ,expert and .approved representatives from industry.
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Amdule gontalns ébg fo‘llomng elements

lntro uction, wh'lch 1dent1f1es the top1c and often includes a rationale for

study1n9 the ‘material.. - v

Prerequisites, which identifyl the material a student should be familiar
with before studying the module. ®

Gbjectives, which clearly 1dent1fy what the student ~is expected 1:0 know for sat-
isfactory module compllztwn The obJectwes stated 1n terms of action-oriented
behdviors, include such act§ dn #ords as operate, measupe dalculate, identify
and define, rather thah words with many interpretations, such as know, under-
stand, learn and apprec1ate g -

/
SubJect Matter,,vdncff presents the back'i_;round theory and techniques supportive

-

.

L4

™~

PoAER I A et provided by R

f

_Data Tables, which are included in most modules for the first year (or basic)

to the ob;m‘wes of the module. Subject mitter is written with the technical °
T ~

stuﬁeqkﬁn mind. N\ v

\
Exerc1ses which provide practical problems to wh1ch the student can apply th1sr
new know]edge.

Laboratory Materials, which identify the equipment required to complete the
. f ~ )

laboratory procedure. ~

Laboratory P‘rocedures, which is the experiment section, or "hands-on" portion of
the module (jncluding step-by-step insi:ruction) designed to reinforce student ,

~

learning. C . . «

courses o help the student leafh how to collect and orgamze data. .

.

References which are intluded as suggestions for supplement:a.'ry t"éadmg/

viewing for the studeng. ‘ . EH "5\"
. = L1d

Glossary, which defines and explains terms or words used within the modulé
that are uncomnon, technical or anticipated as being unfamiliar to the stu-
dent. < '
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CHEMISTRY FOR ENERGY TECHNOLOGY

INTRODUCT ION
Ty

Chemistry .for Energy Technology is a course designed

with a special emphasis on all aspects of chemistry as it
relates to the work of an energQ\tgchnician.

' The first module in the course, ''Safety in Chemical
Operations," is dewvoted to the hazards of workjing with
dangerous chem1cals since the job of an energy technician
may involve the use of flammable materials, exp1o51ves and
acids. Hazards associatéd with chemlcgls are con51dered,
as well as possible hazards involved in the use of labora-

tory equipment. *

Chemistry is the branch of science that deals with
composition of m;ggpr and changes that take place in matter.
Many of these changég_*o¥"?éactlons of matter, consume or
produce energy — an important consideration to the energy
. technician. Module CH-02, "Structure of Matter,"” discusses
chemical bonding, eIehentg, compounds,&olectrons, protofns,
neutrons, atoms, and molecuies, and it explains the use of
symbols and formulas used in chemical €Quations. ,

Chemical equations are'important since they can be
used to calculate such thlngs as the amount of energy in-
volved in chemical reactions — for example, the combustion .
of natural gas. Another important function of chemical
equations is to calculate and report the results of analyti-
cal laboratory procedures 'such as titrations and gravimetric
analyses. The wrjiting and baranclng ‘of these equatlons are
discussed in Module CH-03, ”Chemlcal Equatlons and Calcula-

tions.” .In addition, this module investigatés some of the

quantitative information that can be determined thiough the

K

use. of chemical equations.




»

,of unsat&rated, saturated, and supersaturated solutions, as

.

“

‘sion are congfidered in Module CH-06, '"€orfosion and Electro-

.

-

Air conditiohing ang refrigérafionlsystems are important
b Y .

-factors for the efiergy techn1c1an to consider since heating

and coaling of homes and bu51nesses account, for approx1mate1y ’ ,

50% of their total energy conlumption. +In Module CH-04, ’ .
"Refrigération, Gases, and Air Pollution,’ the fundamentals

of refrigeration are studied, as well as propér maintenance N

and control of heating and cooling systems as a means for

conserving energy. This module also discusses gases and air

pollutlon. ‘ . - -

Most. chemical reactions are conducted in the “liquigd
phase; Therefore, Module CH-OS, "Sélutions,'" presents a study

well. as solubility anl rate of dissolution. Properties of
liquids, acids, bases, and salts are examined in this module,

alohg with an important laboratory technique called titri-

‘metric ana1y51s. : ’ . . .

Corrosion damage to metal objects amounts to a loss of

approximately $10 billion each yéar in the-United States.

Corrosion and some of the means availablel to control corro-

chemistry.", Energy technicians are expected to encounter

many corr051on reflated problems during thelr careers. - )
' Module CH-07, 'Metals,'" and Module CH- 10, ”Plastlcs »
Adhesives, and Lubricants,' deal with the three major mate-

rials families — metals, plastics, and ceramics.. The pypop-

érties and uses-of these materials ar%'piesented, as well as
L > .

those of lubricants and adhesives, which are widely usedyin

. ]

the energy field. —_

- The pr1nc1p1es of thermodynamics are con51dered in

Module,CH 08, "Thermodynamlcs and Thermochemlstry These -

principles axe 1mportant in power plants, refrigeration,
and other devices,'that use heat to produce '‘power or, that




use englnes to add or remove heat. Topics included are
heat; Specific heat, refrlgeratlon capacity, heats asso-
ciated with changes.of state, and svldr energy .storage.
Thermal chemist¥y is thé study of the heat thnt accompanies
chemical reactions, such as the combustion of fuel. ZThe
Method of experlmentally determ1n1ng these heats &f reac-
tion is presented in this module.

The sources, composition, and processing of SOlld
liquid, .and gaseous fuels are discussed in Module_&H—OQ,
"Fuels." In addision to conventional .fuels, alternate -
energy sources must be developed and utilized to some ex-
.tent in supplying the world's energy needs; therefore,

. nethanol, ethanol, hydrogen, biomass, solar, nuclear, wind,
tidal power, hydroelectric,-and geothermal sources of'energy
are included in the module. Much of the work of an’ energy

techn1c1anlwrll4beAclosely—relatedgto-theﬁp;oductlon*and -

efficient consumption of fuels.

' Nuclear reactions are accompanied by energy changes
that are several orders of magnitude greater than those_
iassociated with ordinary chemical reactions. These large
amounts of energy, that are evolved from nuclear reactions X
the .primary reason for their importance. Because ., nu- h
- clear energy has the'potential.of supplying mucn of the
world's energy needs, Module CH-ll '""Nuclear Chemistry,!
presents a dlsiu551on of nuclear reactions.. Radioactive.
isotopes — which are w1dely used in med1c1ne industry,
and chemistry — is also a’ topic' that 1s discussed, as Qell
as fission and fusion processes )

In summary, Chemlstry for Energy Technology is an

energy specific chemlstry course designed for the student
interested in pursuing a career in, the energy field. : The:
basic chemistry information and techniques presentéed in the

.
‘ .
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11' modules of this course have been deemed necessafy for

‘the applications that

will be-encountered by the energy

‘ \
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. technician.
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! Business and 1ndustry demand*safety conscious employ - |
. ees. Good safety pract1ces are /important to an employer
’ whOse interest 11es 1n the~ safety of each employee and the

v protectloncff propérty and -equipment: Accidents cost an

employer they Cause loss of product10n damage to -equip-
ment and’ fac1lrt1e5, and often cause expenses such as medi-
cal'treatment for injuries. | . 4.
Because chemical operatlons involve the use of- explo-
,sives, flammable materlals and acids_— which can cause

severe burns potent1al’hazards are ‘a primary consydera-

t10n. In splte of these many hazards chemical laboratorles'

generally remain among, the safést places to work. 1In fact,
a chemical laboratory is actually safer than the averageo a
: home because a lab.and its centents. have been des1aned for
safe operdtlon. ‘Moreover,; the chemical workers hayerbeen-
traineg in safe practices. :N ~ R o
Each experiment or operation should beg1n with the
anticipation and careful consideration of poss1ble dangers
1nvolved. ThlS module d1scusses Some of the hazalds of
working with chéemicals, as well as measures “that’ "can beu
takem to m1n1m12e thest hazards. Learnlng lab0ratory safetv
- h§b1ts can’ be compared td learning to drive an automoblle
safely:. 1n1t1ally one must concentrate on safety, but, once
properly learngd safe practices become second nature and
* do not impede progress. o ' .

T~ .- . . : .

PREREQUISITES
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X CN\w | . 1“1 , CH}Ol/Page 1

¢ .
o R A

lN‘i‘RODUCTlON |

+

.

.




OBJECTIVES - | \

abLe to: .o . < ’ . h
- 1, Deglne the follow1ng terms: ) y "
- a. ' Cgmbustlon: - '
_*b.  Flash point. = = _ e - .
c. . Igﬁition.temperature " B .
, _d.’ Auto- ignition temperature: . , . . {T:Q
. o Pyrophorlc materials. . - ~ ~
£ ACute p01soq1ng S ' - .
) g. Chronic p01son1ngj .. <
2. _Identlfy the hazards assoc1ated w1th the folIow1ng
a. Strong acids. : ‘
b. Alkaline flatérials. ‘ L
c. - Toxic.chemicals.: .
X R S Volatile liquids. K ‘. : .
. e. Handlrngaand assembllng glassware.
£ Using varioys heatlng devices.. . ' -
s v g. Disposal of chem1cal wyastes. ;o .
' A} ~h.  Vacuum apparatus X .
‘ ’"” i.  Perchlortc acid. ’
+ j. « Mercury. )
. k. “Carbon tetrachloride: _ B
1. ‘Benzene... ' - . )
m. . Electrical equipment.
n. - Excessive pressure. 7

0. Cryogenicts.

. " 3. Describe proper procedures and hazards associated with
:§§$ . the following aspects ¢f handling compressed gases.:
T a. Transportlng tyllnders T
© _ b. Selection of regulator Y

-

. .
. » .
« .
v
. . - \ —_—
R .
[ 2 - - .

. .
. N . ~« . . -
. . .

Upon oompIetlon of thlS moduie the studept should be

;age 2/CH-01 - © , i ‘ ' v -
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List three sources of ignition of chethicals.
Identify three common ways in which toxic chemicals

_enter the body, and precautions to be taken to prevent

ingestion. : - ) 2

g

Describe circumstances in which the following protec-

tive equipment should be used:
a. Safetx glasses.

Face shield.

Safety shield.

Saféty showers.,

Fire extinguisher,

Fume ho6ds. -~

_Gloves. :

Lab coats and.aprons.

Safepy *ountain.

-/




v

»

SUBJECT MATTER

- LABORATORY SAFETY RULES

-

// N -
A -

. The term "chemicals™ includes many subsggnces that are
essentially harmIessl such as sodium chloride (table.salt),
sodium bicarbonate (Baking soda), 5% acetic acid solution
(vigeg;r); and ascorbic acid (vitamin C).. Howevér, this
term also includes materials, such as ethers‘and solvents,
that are fire and explosion hazards. Similarly, it in-
cludes pesticides so toxic that one drop on the skin can
cause instant death, and acids that can- cause severe eye
or flesh damage. Some materials are hazardous when they
are extremely hot or extremely cold — even though they are .
not dangerous at roam temperature. In working with chemi-
cals and laboratory equipment, one must be'faleiar‘with
the type of hazards that might be encountered. The follow-

ing is a list of safety measures that should be heeded:

1. Before starting a tgsk or e periment, be aware of the

Y1ocation of safety equipmen ,.such as gas masks, fire
blankets, fire extinguishers\and hoses, alarm systems,
eyewash fountains, safety shopers, an& emergency exits.
Never work in, a laboratory alone.

3. Wear protectlve equipment appropriate to the work )
being done: " safety glasses at all times; protective
clothing whén corrosive materials are being handled;
rubber or létex gloves when handling poisonous mate-
rials; asbestos gloves for hot materials; or safety
goggles:or face shield when the possibility exists of

-a liquid splattering or an explosion occurring.

’ ) CH-01/Page 5
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4. Because many chemicals are poisonous, never taste one,.
and avoid smelling them. (If it is necessary to deter-
mind the odor 9f a chemical, a cautious, exploratory
whiff may be taken by bringing the odor Just slightly

. toward the nose.) .

5.7 \Qever eat, drink, or smoke in a laboratory.

.- 6. Properly dlspose_of waste materials — extreme care

should be taken in disposing of any unknown chemicals.

7. Properly. label all reagents; do not use unlabeled
[ , chemicals. |
8. Check for fumes before lighting burners or using elec-

trical apparatus.
R o 9. Before using any unfamiliar chemical, learn something
1 about its possible hazards; consult an instructor,
literature, or a fellow worker for informétion. "‘Read
labels on reagents for possible warnings.
10;- _Be certaih to use the'exact reagent called- for by a
. . procedure. KWﬁen reading the name of a complex organic
compound, be certain that the name (including each
letter and number) identifies the exact compound that
is wanted. (For example, 2, 2-dimethylhexane is very
different from 2, 2-dimethylhexene, even though the
names differ b? only one letter.)
11. Pérform procedures involving skin-irritating or dan-
' gerous fumes in a fume hood. ‘
12, If chemicals come into contact w1th skin or eyes, wash
1mmed1atel} with large amounts of water for-at least
. 15 minutes (at an eyewash fountain i possible).
. 15. Never point a test tube being heated at oneself or
anyone else; it may-erupt ,liKe a geyser and splash its

-

contents over a large area.

T

Page 6/CH-01
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14. Never perform unauthorized experiments.
15. The laboratory is no place for a ''practical jokér.”
16. Be very careful in handling glassware; broken glass-

ware is a hazard, as may' be the contents 9f a broken

vessel.

’

H

17. Many commonly used laboratory reagents, such as alco-

hol, acetone, and ether, are highly flammable; do not

use them near an open. flame.

18.# Observe special precautions that are given for any

experiment.

19. Notify the instruétor or a co-wo{ker(s) of any acci-
dent. L

20. Keep the{work area cleén;‘prbper "housekee€ping' can

eliminate many possible hazards.

¥y 4 ‘
The words "use adequat
labels or in instructions.
should be used only in a

ventilation'" are often seen on

In general, a chemical so noted

an exhaust fan in operatifon.

ume hood ot in a laboratory with
Most people are aware of the

_effect of a single overejfposure to toxic vapors, but, often,

they fail to consider th
sure to smaliqr:quantitie

overexposure must
hydrogen sulfide,
gases, one ;gguld
v bent specifigally
Glassware 1s

beravoi ed.

=0 f such vapors,

cumulative effect of.daily expo-
Both types of
When working with chloriﬁe,
hydrogen cyanide, and other highly toxic
always wear a gas mask that has an absor-
designed for the gés.being u§Ed.

used in laboratories because it is (1)

.inert (does not react with most chemicals), (2) fairly easy

to clean, (3) relatively inexpensive, and (4) convenient*

o use because it is transparent.
fragile and does require careful handling.

However, glassware 1i5
For instance,

.speciql.care should be taken to avoid breaking the glass

{Q‘&

PAVA|

16

CH-01/Page 7
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~when inserting thermometers or glass tubing into a cork or
(’ rubber stopper. xThe result could be a serious cut from the
-jagged ends. Glassware that is crackedj’tﬁipped; or has\
-Jagged edges should be discarded.
élassware designed to be used in operations that re-
quire heating over hot plates or open burners is made from
"hard" gidss. Pyrex and Kimax, which are brands of hard
glass, are commonly used to make tést tubes, beakers, and
flasks that are to be heated. Most reagefit bottles, grad-
uated cylinders, and other thick-walled glassware are made
of "soft" glass, which will break if heated on a hot plate,
a burner, or in an oven.

©

Care also must be taken in using glassware for vacuum

-

operations, or in operations in which excess pressure may
develop as a result of a dhemical reaction. In either case,
shattering of the'glass apparatus may occur, causing broken
glass to fly through the air:— an, obvious hazard to anane
in the laboratory. . B

In many chemical operations, heat is used because most
chemical reactions occur at a faster rate as temperature _
increases.~,Gas-fired'burners, electric maﬁtles, heating .
tapes, and water, oil, and sand baths are commonlf used in
chemical operations, Mény of these devices have self-con-
tained, adjustable thermostats that spark as they automati-
cally turfi off and on. This spark may ignite the vapors -
from a volatile substance, causing a serious fire or explo-
sion. A heating operation involving a volatile substance
must be performed in a fume hood, which rémoves vapors as
they escape, thereby preventing accumulation o% enough
vapofé to ignite.

When a liquid is heated to its boiling point in a glass
container, it may not boil smoothly; often it will superheat

Page 8/CH-01
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,in.spots and suddenl¥ boil over. '"Boiling chips" hay be
added prior ‘to heating a liquid to prevent uneven heating
and boil-over Heat should be applied evenly over a large
area of solvent.

If a container of solvent does catch fire, the fire
may often be smothered qulckly by coverlng the contalner .
with a watch gIase) an asbestos pad, or some other object .
that can block out the air. '
Thermal burns and cuts on one™s skin — the most common
result of laboratory accidents — can be avoided by exercis-

! °

ing due care.

When purchased, cHEmicals often are nearly 100% pure;
if not, their impurities are clearly shown on their labels.
Through improper handling/storage techniques, these chemical
reagents may become contaminated and, when used, unwanted
side reactions may occur. Such side reactions may be danger-
ous Or cause wasted time and effort because the experimental
results are not reproducible. A chemical should never be
returned to its reagent bottle. Only enough chemical needed
for the experiment should be removed ~ any excess must be.
dlscarded. Care should be taken that bottle stoppers do not
become contaminated. Many chemicals absorb moisture<out of
the atmosphere; therefore bottle caps and stoppers shou¥d
be promptly replaced on fhelr containers. Such moisture
(water) can render an expen51Ve chemical useless. ¥

In handling larger reagent bottles, one hand shouid be
ylaced under the bottle wh11e the other hand is placed on
the.bottle's ne;k, as sh0wn 'in Flgure 1. This procedure
minimizes any possibility of the neck breaking off when the
Bottle is picked up. .In addition, it keeps the bottle in’
front of the person, not swinging at the side where it may

~

$

v ' CH-01 '
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’ hit an object and break. Thick

' rubber bottle carriers are avail-
able for safe carrying of acids,
alkalies, and solvents.

Health and safety requiré]
prompt and proper disposal of waste
materials. Discarding many differ-
ent kinds of chemicals into the
same waste container can result in

, chemical reactions that generate

. Figure 1. unpleasant or toxic gases, violent
Chemical Carrying. regc;ions, 6r a boil-over mess.

“ $pecial ceramic crock con-

tainers should be used for solid-waste dispos#l. Solids

should not be placed in sinks- — they will stop them up.

Solvent wastes should be placed in a solvent-waste
safety can.. A specially designed safety can has a flame
arrestor at the mouth of the can to smother any flame, there-
by preventing the entire content of the can from burning.
Normally,-these flammable 1iquid wastes should not be washed
down a sink drain (they could explode in the sewer system);
however, small quantities of acids or alkalies may be washed
ddwnka sink drain with large amounts of flowing water.

Many chemical laboratories use glass traps in sinks
instead - of metal ones in order to prevent reactignhs of cor-
rosive materials with the metal. Federal, state, and local
laws, desiéned'to prevent water and air pollution, should
be considered when it is nécésijj% to dispose of large

quantities of chemicals. ;

! N v —— . e A tr— |~ - - _ - ——
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PERSONAL PROTECTIVE EQUIPMENT
oL .

Ideally, accidents could be prevented by the proper
use of safety precautions; however, even the most cautioué
person occa51ona11y 1ncurs an)unexpected reaction or inci-
dent. Laboratory work by its nature, is experimental, and
results cannot always,be predicted. '‘Petrsonal protective
equipment' describes any device used to e11m1nate (or reduce
the seriousness of) am accident. Figure 2 111ustr§tes pro-
tective clothing and safety dev1ces that can be used ik the
laboratory. . . ’ ’

/s

(Y EYE PROTECTION
©F)— SHOULD BE WORN °

SLEEVES TOO
TIGHT PREVENTS !
FREEDOM OF MOVEMENT\\

2

APRONS PROTECT
CLOTHING FROM CORROSIVE
/ OR STAINING CHEM|CALS

SLEEVES TOO
LOOSE OR BULKY CAUSE
OVERTUHANING OF APPARATUS

I3

a

RUBBER GLOVES PROTECT
HANDS FROM CORROSIVE CHEMICALS .

-?~~pROTECTIVE FOOTWEAR 2
ASBESTOS GLOVES PROTECT {STURDY SHOES) PROTECTS-FEET- FROM-- -1 -
HANDS FROM HOT OBJECTS SPILLED CHEMICALS OR BROKEN GLASS

2. erofe
Fiéorg\z. Profective Clothing and Devices.
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.Eyes are valuable and irreplateable; but, unfortunate-
ly, they‘can be injured ea511y by corr051ves hot ‘chemicals,
or flying objects, such as glass from an exp1051on There-
fore, safety glasses must be worn at all times in the labo-
ratory ’gome stdtes have 1%ws requirinmg that safety glasses
be worn in labordtories, and most industrial labs require .

5 of safety rules often

that they beg worn, with violator
being subject to dismissal. Contact lenses may be worn if

safety glasses are also worn over them.

As previously stated, industry demands that safety pre-‘

cautions beﬁobserved. In a laboratory, prescription safety
glasses should be worn by anyone who normally wears glasses,

_However, safety glasses offer minimum eye protecti®n; there-

fore, in instances where hazigds are obvious, atdditional
protection, such as, safety goggles or . a face sh1e1d should
be used. T 4 - \

.In instances where explosives are'belng used, or af
e&p1051on is llkely, d’shétterproof safety shield should .
be used. . Many reactions ‘can be cOnducted safely while
standlng*behlnd such a shield s'ince the 'shield offers _pro-
tection from an exp1051on JThe. apparatus in use can be
clearly seen and manlpulated — by reachlng around the 51des
of the shield — with minimum personal exposure.

If a chemical“gets in an eye, especially an acid, " the
eye should be- wé\hed 1mmed1ately in-an eyewash fountain.
This wash should be continued for 15 minutes. Should chem-
icals touch a large portlon of. one's body, a safety shower
should be used. (The ring 'in the safety shower is quickly

. pul'led to release large amounts of water.) .If the action

4
to 'wash off the chemicals wWith water is fast enough, chem-

- ical burns can be m1n1m12ed Eyes should be flushed with

uater for at least 15 m1nutes then prompt medical attention

¢ “ ’ * . .

] ¥ . .
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- should be éought. Llf ciothihg ;hould caéch €ire, or 1if

a corrosive chemical isaspilledoon the skin, every second
counts in preventing &dere'burns " Because one may be
confused at such a time, it'is Amportant that the exact
locations of safety showers gnd eyewash fountains be noted

. " before work in any laboratory ayé& is begun. As noted pre-
viously, one should never work along in a laboratory since
a worker may need a551stance in-an emergency. For example, ‘ —
with a corrosive burning &hedeyes it would be difficult to X
locate the eyewash fountain without help. )

' Laboratory coats and aprons offer some degree of pro-
tection from chemicals for one's clothes and body.  Such
coats and aprons are available in a w;ge‘variety of mate-
rials and styles, including resin-coated cloth, rubberized

re cloth, cotton duck and” v1ny1 plastic. If protectlve cloth-

ing or regular clothinp becomes soaked with a toxic or cor-
rosive material, the clothes should be removed immediately
to prevent further exposure 'to the chemicals. A quick’ shower
in the emergency shower should theﬁ be taken.

A variety of gloves are available to protect hands from
burns, caustlcs, and toxic contamlnatlon Asbestos gloves

or mittens are used to protect hands when handling hot."ob - _
jects. Latex surgeon-type gloves, which are tight-fitting ;
and flexible, provide protection again§t cRemicals. Neo-
K prene rubPer and natural rubberzglovei; which resist aciﬁs ~ -
and most chemicals, are widely-used in ‘chemical operations,

For work in a pilot plagf or producf'on plant’ location, ~
a "hard hat"/ﬁhelmet) and hard toe safety shoes are gener-
ally required. These items provide protection from falling
obfects for one' s head and feet.

. A fume hood (Figure 3) provides a work area from which
toxic, flammele, and unpleasant vapors and dusts can be

& * .
~ -
¢ v ~ ’
. . —
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exhausted. Such a hood usually includes a sink, hot and
codd water splgots and gas and electrical services — fea-

tures wh1ch allow the performance of most types of experl-
) .

ments.
s -
e
AN
\ / . ,},::
/ ' I
L > s
- S v/fmes—o—s—mW»
SAFETY aLass, 7/ “ATE REMOVED L
/// %
] I
. * / /
K
USE HOOD WHEN WORKING o - B
WITH POISONOUS OR < | x
' FLAMMABLE MATERIALS > .
’ 2t .

«s‘me §m”‘g ﬁ“

ﬁ’f‘%«

Figure 5. . Fume Hood.

Hoods should not: be used for the storage of? chemlcals
e .

;.ﬁ-

vented’ cablnets are’.available for such storage.
Prior to,using a fume hood, one should be suré the air
exhaust system is operatlng‘pfoperly The hood S operatlon
can be checked by turning the exhaust fan on and ‘closing the
front shield to w;thin'an inch of the bench top. If the
hood is operating properly, a strong air flow can be felt.
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- Some laboratories have exﬂéust fans for ventilating
large work areas. These fans are not substitutes for hoods;
the air excﬁange is inadequate for most operatibns. If
such fans are used,uthey should not_work\in opposition to

* the fume hood(s) by drawing fumes out of the hood(s) into" .
ethe open work area. )
~ In some instances, fume hoods or exhaust fans do not

provide adequate protection. In these instances, respira-
tors having filters and chemicals (in canisters) that filter
out vapors and fumes can be used. Care must be exerc%sed

_to ensure that the proper reSpiratdr is chosen for the type
of hazard encountered. Most are dé%igned‘for a specific
type of vapor, but some are useful only for dusts and mists.
In the event of fire, oxygen content of the air may be too
|ow, in which case a canister-type réspirator will be of no.
use. A self-contained breathing apparatus, with‘its‘own )(/ﬂ~
air or oxygen supply, should be used for fire fighting or ’{
for rescue frém'fire and smoke-filled areas. ’

.

FIRE SAFETY AND EXPLOSIONS
‘ i %

M - -
In considering fire safety, one's first concern should

N
o

be for prevention. Proper storage of chémfcals, adequate
pre%éutions, and a knowledge of the properties of chemicals
being used in chemical operations can prevent fires from
starting. However, should & fire start, steps must be taken
to prevent injury, loss of life, and property damage. ‘




.

4

FIRE PREVENTION ///

] Three factors contribute to combustion:
g « Fuel ’
: + Oxygen .

* Ignition (such as from the heat of a spark) |

Of these three factors, the only one that can be eliminated
. “from a laboratory is ignition. .
v . Combastion "(fire) is defined as 'rapid oxidation of a .
substance which producestligﬂt and heat." This definition
" enables one to distinguish between fire and slow oxidation,
such as rusting of iron. . ‘
If a source of ignition, such as a flame,'%s brought A
Glose to the surface of a flammable liquid in an open con-

tainer, one of three things may occur:
- 4 ‘; /
Vothlnc

.

1
2. A temporary flash but no continuation of burning.

~a

w

Ignition and continued burning.

. - Three characteristic‘actions are defined below:
- Flash point: The lowest temperature at which a sub-

» - stance Oor mixture in an open vessel gives off enough
combustible vapors Eé producé a momentary flash of
‘ fire when a small flame is passed near its surface.
+ Ignition temperature: "The lowest temperature at which

the yapor over a liquid will ignite and continue to
burn if an ignitidn source is applied mear tHe surface.
+ Auto-ignition temperature: The lowest temperature at

which a-vapor w111 Lgnlte spontaneously without any

outside source of 1gn1t10n

\

In théaiatter instance, heat within the liquid is sufficient .
to cause it to burn. '
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. The flash points and -auto-ignition -temperatures of

—

[

some chemicals are given in Table 1.
. R

~

]

TABLE 1. TYPICAL FLASH POINTS AND ~ .
AUTO-IGNITION TEMPERATURES. :

Do

—

‘Chémical +Flash Point'(°9) A@fellgnition Temp. (°C)
" A Octane . s6 428
Benzene 12 : 1040 ’
Acetone : .0 ' 869,
Hexane ) . -7 . ' 437
) . | Ethyl ether | -49 S © 320 iT«\

o .. : -t

A lower flash point means' a greatér potential fire-
» hazard. Knowledge of the exact flash points and auto-igni-
tion tempengtures of all common chemicals is not fequired.’
These temperatures, however, can be used as a guide*for
r determining whether a high, medium, or low hazard exists.
It is best to hssume that once the flash point*of a«hemical
is reached, it may catch fire‘and continue to burn.

‘A technician working with chemicals should know that an
open container of ethyl will readily ignite at room~femﬁe%a-
ture. If the Qapors of ethyl ether are allowed to escape
into a laborag%ry, they may travel gréat distances alonéd
the floor to an ignition source, where théy may catch fire,

~ explohe, or flash back to the source of the vapér. As can

be- seefi from Table kﬁ-octane (2 major component of gasoline)

M . N .
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is relatively safer than ethyl ether..'Portablé/vapor-detect-

ing meters, or '"sniffers," .may be used to detect such flanm-
m§b1e’vépors. . '

As previously stated, most laboratory chemicals are
stored in glass bottles 'to prevent contamination; however,
since bottles break easily, the s&éllest bottle that is
consistent with the amount of a chemical to be used should
be utilized. Larger qﬁantities of flammable liquids are
usually purchésed in S-gallpn-metal cans, although the Lﬁ R
purity of these liquids is not as greét as those of liquids
in glass bottles.

Fires can be prevented if flammable vapors are kept ‘
contained or properly exhausted to the atmosphere. All
ignition sources must be kept completg}y away from flammable
substances. Ignition sources include open flames, hot wires,
electric sparks from switches or motors, and’/static electri-
cityl Should a fire occur, one needs go,know the location
of ‘fire extinguishers and to 5§¥able to use tﬁém-properly.
Three methods of extinguishing a fire are shown in Figure 4.

Some materials, called pyrophorics, heat and ignite ‘
spontaneously in the presence of air. These materials are

identified by their container labels. by

¥
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USE A FIRE EXTINGUISHER
1. KNOW TS LOCATION

2. REMOVE FROM MOUNTING
3, PULL PIN

4. SQUEEZE LEVER

5. DISCHARGE AT BASE
OF FLAME

8. REPORT
USE/RECHARGE

USE SANP T0
EXTINGUISH BURNING
METALS

USE BOOK
OR CLOTH FOR

SMOTHERING SMALL FIRES
-~

c.

Figure 4. Methods of Extinguishing a Fire.

\-\

FIRE FIGHTING

Equipment needed for generalifire fighting — automatic
sprinkling systems, fire hoses, fire extinguishers, fire
blankets, and so forth — should be installed in any building
that hgu#és a chemical laboratory. Specialized fire fighting
equipmént may also be required. The leading causes of labo-
ratory fires include the-following: .

+ Defective electrical wiring

- Sparks from non-explosive-proof electrical apparatus.

b
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+ Fires in fume hoods
*. Carelessness in the use of gas burners
+ Ill-advised use of volatile liquids

-

Fire(in clothing should always be extinguished by
smothering it in a fire blanket ar heavy toweliné or by
beating the flame out. Do not try té douse it out with
water. Dousing with water should oniy be used if other
means are not available.

When fighting a fire with a fire extinguisher or watér
hose, the area immediately surrounding the fire shou'ld be
cooled first in order to prevent the flames from spreading.
Next, the base of the blaze should be extinguished. Finally,
'the remainder of the fire should be smothered. Trying to
extinguish the flames of a fire is practically uséless;
rather, it is better to attack the base of the fire. Figure
4 shows how to use a fire extinguisher, how to extinguish
burning metals, and how to smother small fires. )

To extinguish an electricat\fire, pull the circuit

*breaker to stop the electrical ‘current, then use a carbon
dioxide (CO.) extinguisher — not water.

" If a poisonous gas is emitted by a fire, and a proper
mask is not immediately available, it is best to flee the
room entirely. It is important to note, tbo, that when a
fire gets out of control, it-is futile to attempt to fight
the fire with extinguishers that have limited capacity. If
the fi cannot be controlled, then a check should be made
to seer§Q3F (1) no one if left inside the room, (2) the door
is shut to prevent drafts, and (3) the fire department is
called. » ‘ )

' Fires are clas;ified according to the type of material
being consumed. Uée of the proper type of extinguisher for

Page 20/CH-01 '
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each class of fire will afford the best control of the
situation and will aVoid compounding the problem (that is,
a Class A fire extinguisher “should bé used on a Class A
fire, and so forth). Figure 5 shows different types of

fare extinguishers.

>

PUMP  LOADED ORY CARBON DRY
TANK STREAM CHEMICAL DIOXIDE CHEMICAL

] (REGULAR) (MYLFI-
\ ‘ \ | / PURPOSE)

Ne

@%l%

{YES|YES| NO | NO | YES

FOR ORDINARY COMBUSTIBLES )
CLOTH...... wOOD...... PAPER ‘

B ‘| NO | YES|YES|YES|YES

\_J} ror FLAMMABLE LIQuIDS %
OlL......GREASE......GASOLINE

" @——[g. =il | NO | NO | YES|YES|YES
FOR USE ON LIVE - : ,
ELECTRICAL EOUIPMEEJT

3 . v

Figure 5. Types of Fire Extinguishers.
) !
+ Class A Fire$: For wood, paper, textiles, and similar
materials,. use foam, water, or almost any type of ex-

tinguisher.

%

-
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* Class B Fires: For grease, o0il, paint, or relateq
materials, use foam, doy -chemical, or vaporizing
liquid extinguishers.

* Class C Fires: For fires in electrical equipment
or in areas where live electricity is present, use
carbon dioxide, dry chemical, or vaborizing liquid
extinguishers. '

* Class D Fires: For fires involving magnesium, alumi-
num, zinc, zirconium, lithium, sodium, potassium, or
metal hydrides: smother with fine dry soda ash, sodium
chloride (sal;), sand, or graphite (Figure 4b).

Underwriters' Laboratories (UL), Inc., has established
ratings for portable fire extinguishers.” These ratings
appear on the labels of UL-approved extinguishers. A letter
on ‘the label refers to the class of fire for which the ex-
tinguisher is most effective. A number-letter symbol indi-

ﬁggtes the relative fire-extinguishing ﬁotential of the ex-
tinguisher, as well as the approximate square-foot area an
average operator can extinguish./ For example, an extin-
guisher rated 10-B is used on grease, oil, paint, and related
materials; and it can extinguish a 10-square-foot area.
Moreover, a 5-C extinguisher is used for elecgrical fires
(carbon dioxide); and it can extinguish approximately a 5-
square-foot area.

CHEMICAL TOXICITY ' )

Many chemicals are toxif or poisonous; therefore, pre-
cautions should be taken in working with these chemicals.
For instance, wvaricus cleaners, ﬁaints, and solvents used

.

)
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in the hqme are toxic; and products used on lawns and
gardens, including fungicides, insecticides, fumigants,
.. -and herbicides, are often toxic. Such products should be

used with great care. »

\ O». In the labora&gr{, even greater care is requrred be-
cause many of.these chemicals are used in concentrated form. -’
Poisoning may be '"acute" (a single or sudden exposure)
or it may be ”gHronic” (a rgpeated or prolong;d ekposure).
For ‘example, °sudden‘exposure'to chlorine gas Jnay cause acute
p01son1ng, and a gradual exposure to mercury or lead in the
env1ronment may cause ‘chronic poisoning. Often the symptoms
of chronic poisoning are difficult to detecg. Both types
of poisoning ghOuld be of igpzérn to the "laboratory wdrker.
The three most common‘ways by which toxic chemicals
enter the boedy are inhalation (breathing), ingestion (swal-
lowing), and absorption through the skin. Of these three,
the most common is absorption; but the entry method causing
the highest percngage of fatalities is inhalation. Table.
2 shows the disabling work injuries from poisoning that
occurred ‘in Callfornla in one year.

TABLE 2. DISABLING WORK INJURIES.

-
" Contact Method Total | Fatal .| Non-Fatal
- Inhalation 1203 23 1180
‘ Absorption 4123 3 4120 °
Ingestien . 145 2 143
’ »
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_ PHYSIOLOGICAL EFFECTS 'OF CHEMICALS
The extent of a human body's reaction upon exposure
to toxic chemicals is determined by many factors, the most
important of which include the following:
« The concentration, of toxic material in the blood
‘system, or in a specific, sensitive organ.

« The body's tolerance for a particular toxic chémical
(tolerance varies widely from one individual to
another),

* The rate at which the toxic material can be changed
'0or eliminated by ghe body before damage is done.

The ievel of hazard depends upon (1) the concentration of
the chemical in the environment, (2) the length of exposu%e,
(3) the general heal of the individual exposed, (4) the
individual's tolerance, and (5) the speed with which cura-
tive action 1is taken after the exposure is recogniz%@. No
matter howy poison enters the body, responses that may develop
include the following: !

* A change in blood composition

+ A change in blood pressure

change in blood circulation rate

A
* A rapid cell destruction rate
A

change in the breathing rate

These changes may alter the functioning of organs such as
. . R N
the'heart; kidneys, liver, brain, or lungs.
Boundary limits have been set for toxic materials to
prevent atmospheric concentrations that can cause bodily
harm. , These limits, called threshold limit values (TLV),

have been established for 'toxic gases, vapors, mists, dusts,
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) )nd fumes. They also may be called maximum allowable con-
centrations (MAC). Gases ané vapors usually have their TLV
expressed in parts per million (ppm%; The TLV of a toxic

dust or mist usually is expressed in milligrams per Cubic

meter of air.
Some vapors or gases, such as ammonia, mercaptains
(skunk-like odor), or tear gases, give warning of their .
. presence by their odor of by an immediate irritating effect
on the eyes, nose, or throat. Some, such as carbon mono-
xide, have no color, odof, or other warning effects. Still
others, such as hydrogen sulfide, initially haYe ap easily

q . :
tinued presence of the chemical, even in deadly concentra-

?,

tions. : ) -
Precautions and action must be taken at the first
indication of excessive eyposure.to poisonous Vapdrs. One.
should not wait until physical symptoms occur -since recovery
1s often impossible at this stage. Frequently, the first
symptoms to appear are blurred vision and malfunction of
muscles. In many cases, a gombination of exposures is much
worse than,single-chemical exposures. For example, exposure
to carbon tetrachloride during a day's work at the lab,
followed by an alcoholic drink at home, can lead to kidney
failure. Of course, an excessive éxposure to carbon tetra-
"chloride alone can also lead to kidney failure, but somehow
the combination is more severe. ‘ ‘ ‘
Skin contact is the most frequent method of exposure
to most toxic chemicals, but it does not cause as many fatal-
ities or major poisoning as does inhalation. Some chemicals,
such as organic solvents, penetrate the skin rapidly, are
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. - rapidly ab%ofbed by the blood, and are then transported

) throughbut the body.- Contact:with these“chemicals should

be avoided. ) ’

The common practlce of washing oil or grea!e from the

, harids with solvents or gasollnenaise-should be avoided.
Some skin contact, over a period of 'time, can’ cause redness,
roughness, cracking, and .other irritations leading to skin
dermatitis. Contact with strong acids and bases cam cause
skin and flesh destruction: Skin contact damage may be '
'seriously increased by continued éghtact with' clothing that
has been wetted By the chemical.

Wet clothing prolongs the skin'§ exposure to a high
concentration; therefore, contaminated clothing should be
removed, and the affected area shoﬁld bécflushgd with water
immediately —%regardless of considerations of modesty.

- The treatment of skin ‘that has been in contact with a-
poison or an irritating substance consists of (1) quickly
washlng the affected area with large amounts of water for
at least 15 minutes, then (2) gently cleansing. the affected
skin aréa with soap and water. If. the material cannot be
removed in this manner, a med1c1nal oil (for example, par-
affin oil) usualLy will safely remove the contaminant.

Poisoning by swallggging is rather rare for laboratory
workers because they are generally well aware of the poten-

. tial hazards. The praétice of using the mouth to provide
the su?tion for pipetting must be avoided. A mouthful of
concentrated sulfuric acid can qhus%,painful thermal and
chemical burns. Various rubber bulbs for pipetting are
available and sheuld be used. Licking labels, moistening

% one's finger to flip pages in a notebook, and smoking, eat-
~v4f-—rﬁfr——eqLﬂififﬂviﬂfr~1n44ﬁaafiiﬂae4%}ee§~L 344}al%q}eén;}blfyseany}esﬁi
AN
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of poisohing. Chem1cals should neuevtbe tasted for identi-
fication or any other -reason. The. pract1ce of storing food
and chem1cals together in a refrigerator “should be avoided.
Labware should never be used for making coffee,’ cooking
_soup, OT as eating or arinking utensils. Hands should be
) . thoroughly washed before eating, drinking,'or-smoking._ If.
) a toxic sobstance is swallowed, it must be removed or made
'-harmless as quickly ‘s possible. 'Try'to determine the
source of poisoning because thlS information is important

for. treatment-of the victim.

DANGERS OF ACIDS
A knowledge of chemical and physical properties of
some of the more common chemicals as well as,hazards in-
volved, will, enhance safety in the laboratory
Concentrated acids commonly found in chemical opera-

tions include the following: ~
l

<
« Hydrochloric acid,

’ « Nitric acid
/, . + Sulfuric acid
« Hydrofluoric acid
- Perchloric acid |-

-

Any of the preceding acids can cause severe burns; there-
fore, eye protectors should be worh when using them.

In mixing water w}th‘acids, it is important that the
acid always be added slowly to the water. Addipg water to
acid is dangerous because the heat that de?elops'at the

—point-of-addition-may cause-the ac i d—tc%aoieléahd—spiat—t er —-

out of the container. . »

.
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. yydrbchloric acid, commonly called muriatic acid, is
widely used in industrial applications, in laboratories to
dissolve metals, and in acid-base titrations. It 1s a
strong acid and can cause severe damage through chemlcal

- =~ ““burns.

~

/ _ " Nitric acid may not ®ause a burning sensation immedi-
ately upon contact, thus the urgency to wash it off may not
seem ggeét;_however, it must be washed off‘immediately upon
contact because damage does start immediately. Splashes of

‘ this®acid on the skin will turn the skin yellow in a few
minutes. After a few days, the skin will peel off. Nitrig

acid.is used to dissolv§ most metals that cannot be dis-

solved by hydrochloric -acid.

Sulfuric acid, which incorporates all the hazards. of
' _hyd}ochloric and nitric acids, also harbofs~additiona1
hazards., The den51ty of sulfuric ac1d is hlgh theTefore,
a bottle of ‘this- ac1d is suer151ng1y heavy. A gzven volume
of sulfurlc acid welghs nearly twice as much as an equal
volume of water. (Many serious accidents have’ occurred
when laboratory workers have tr1ed to pick up a bottle and
then let it drop.) This acid is a powerful dehydratlno
agent; it reacts with water or moisture on tHe skin and turns
it into steam, thereby causing thermal burns in addition to .
chéﬁical burns. More serious accidents are caused by this
acid than by any other — because of its properties and be-
cause it is used frequently in chemical‘oﬁerations. T
Hydrofluoric acid dissolves silicon oxide, a major
.¢omponent of glass; therefore: hydrofluoric acid cannot be
stored in glass bottles because it dissolves the glass.
_ Plastic or rubber gloves must always be used when hand!ing
—— — ——hydrofluoric acid.- “Burms from this acid age very painful
and may last for several weeks. The burng continue until
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the acié‘is neutralized by calcium in the'bones. (A physi-\
‘cian can inject a calcium compound solution to neutralize
.. - the acid.) ‘ o

Perchloric acid, when cold and dilute, is similar to

any ogper strong acid; however, when this acid is hot and

concentrated, it is a very powerful ox1d121ng agent. When
perchldric acid is in contact with wood; tile, and other
organic materials, it can cause explosions through rapid

reaction and subsequent release of gases. A specially de-

3 signed fume hood must be used with perchloric acid. Since
air accumulation of its acid mist on dirt particles in the
hood can cause a severe. explosion, the special hood provides
for a flow of water to continuously wash down the perchloric
fumes from the sides of the hood. )

% " Spills of acids can be neutralized with ‘sodium bicar-

bonate (baking soda). A paste of sodium bicarbonate can be

applied to the skin to neutralize aecid on the skin. The ’
most immediate tréatment, howevey,if to immediately flush
the, affected area with water. Greasy ointments should not
ke applled to chemical burnse '

A §trong hasé, such as sodium hydroxide (lye) or potas-
sium hydroxide, is usually dlssolved in water.and used as

a solutlon §uch a strong alkallne materlal can cause burns

in either” 1ts SOlld or 11qu1d form < Mn 1mmedldtg prdlonoed

water mash is theé,most eﬁfectlve treatment. porlc acid,,
which is very can be used to <4reat g#rns caused by

¢

bases.
F ~ ‘ ’ ) 4 \

[huge 25
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VAPOR PQISONING

“Carbon mohoxide, which is very poisonous, can cause
death if inhaled for just a few minutes.. Carbon monoxide

gives no warning by smell or taste. A victin's first symp-
toms are headache, dizziness, and general weakness — by
which time irreversible damage may have occu;redf At .an
atmospheric concentration of 0.05%, a human can lose con-

'sciousmess in a matter of minutes. Carbon monoxide, which

causes more accidents than all other toxic _gases combined,
is produced whenever 1ncomp1ete combustion of carbon-con-.
taining substantés_@akes place. It is produced by 1nterna1
combustion engines and luminous (yellow) flames.

-* PO{sonlng from mercury vapor a}so.occurs. Mergury is
wiﬁely used to measure preésurés, and the glass instruments
in which it is normally contained are too easily‘broken.

~Mercury’ spills are virtually impossible to clean up. Pow-

dered sulfur shotild be spread over the mercury, and then

th'e mercury may be swept up and disposed of- Even so, small
ba}ls’of mercury roll into inaccessible cracks and crevices,
méking it virtually impossible to remove them all. The
ﬁercury can then give off vapor continuously for years.
Extra precautions are in, order because mercury has a cumu-
lativeﬂeffect. The sum of many apparently insigniffﬁanf

exposures can lead to .serious poisoning. The symptoms of

mercury poisoning are emotional and physical instability.
* Hydrdgen sulfide has a TLV of only 10 ppm; but it is
10 timgs more poisonous than carbon monoxide. It has a
detectable and characterlstlc odor but the.sense of smell
is quickly dulled leading tne V1ct1m to believe that the
ha;ard no longer exists. Exposure to hydrogen‘suifide
causes- headache, nausea, dizziness, shallow bfeathing, and

~

lowered blood pressure.. - e
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Carbon tetrachloride has been widely.used in the past
as a spot cleaner for clothing. Its use has been banned in
most household products. Because of its excellent solvent
powers, however, it finds wide use inaihgmica1 laboratories. /
Symptomé of carbon tetrahhlorf@e poisoning appear after the . &
damage has been done. Commonly, the Vlctim«of Wearbonitet” o
poisoning has kidney failure, often resulting in deéth; .
Only three thimblefuls of carbon tet can saturate the air. _ .
to the danger point in any ordlnary size, unventilated lab- v,
oratory. f \ \
" Benzene 1is anotﬁer popular solvent. Its odor is‘fiint
’ ,and not disagreeable. Symptoms of low'exposure include’
,/“mheadache Weaknesé,,and bleeding at the nose and mouth.
f% . Brief inhalation of high concentrations may result in un-

< [

consciousness and death. -

MERCK INDEX ™ s :

- The Merck Index is a valuable resource for determining
the possible hazards assoeiatéd with chemicals. This enby- i -
clopedia of chemlcals and drugs pr0V1des concise descrlptlons :
of the preparation ‘and general properties of c0mpounds and - .
. gives their structure and trade name, as well as their toxic . T
‘ properties. The Mérgk Index should be consulted prior to
using any unfamiliar chemical. For example, prior to work-
" ing with perchloric aéi@g:it would ‘be important to know the
following information found in the Merck Index:
Perchloric acid decomposes with explosive violence when
T -"distilled, Aqueous ‘solutions af the acid are caustic and .
will explode\%hen they contact organic substances. .Per- /

. chloric acid is used in the preparatlon of explosives, as
solvent for inorganic substances, and in plating metals. .

.
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Referencing the properties of chemicals or consulting
with co-workers regarding potential hazards should be a
standard procedure for everyone,. ' ‘ .

. . ) ELECTRICAL HAZARDS .

Electrical appliances and apparatuses are so common
that one often fails to respect electricity and its hazards.
High voltage is often thought to be the greatest danger from
eleceticity; however, it is current (and how long it flows)
phat is hazardous — not voltage. The normal 110-volt house-
hold current can readily cause death.

Safety fuses or circuit breakers are used in most cir-
cuits to interrupt the flow of electricity if the current
exceeds a certain safe maximum — usually 15 ampéres. But
safe maximum means "a safe current for the equibment_and

fﬁjfﬁﬂé,syst?m-"” (A lS-amperéﬂthck to_a human generaliy is -

. instantly fatal??’ The chance of receiving severe electrical '

shock increases with a greater flow of electrical current
through the body. Therefore, to minimize the potential, the

. hands should always be clean and dry when %sing an electri-

cal apparatus.

\{Q .. The following data illustrates the effect on resistance -

to electrical current caused by water and salt:

Page 32/CH-01
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Condition Resistance (ohms)

*

_One dry finger “of each hand
on an electrode.

One moist finger from each 40,000
hand on an electrode.

Same—as 2, except fingers ‘ 16,000
wet with salt solution. 8

100,000

Tight grip, dry hands, o%p 1,200
on each electrode. '

Same as 4, except immersed 700
in a salt solution.

4
It should be obvious from the preceding experimental data

that the hands should be kept dry and free of chemicals
when any possibility exists of contact with an electrical

__current.

To prevent electrical shock, follow-the rules listed

below: . \

« Be sure equipment is in proper working conditioﬁ.

- Be sure wi?es are not frayed, loose, or broken.

« Be sure equipment power switches are in OFF position
before plugging unit into an outlet; this prevents
"sparking'" at the ﬁlug. '
Bewsdre~hands are &}y and clean before handling any
electrical device. | )

Be sure provision;fhéus—been madé for proper grounding.
Be sure all ele@rical work is done by a qualified
electrician. ~ .

Be sure electrical equipment is inspected periodically.’
If an extension cord is used, be sure that it is heavy
enough to carry the power safely.

Be.sdre‘nbt to ovérload an electrical circuit.

A
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SPECIAL HAZARDS
. .

Compressed gases are widely used in laboratory and

industrial applications. These gases are stored in heavy
metal "cylinders' of various sizes. Gas cylinders are filled
to very high pressures (up to 3000 psi). Each cylinder is
color-coded to identify its contents. Gas is released from
the cylinder by a_high-préssure valve, _The cylinder must
be handled with great care.(Figure 6), even if the gas is
as harmlegse-as helium or air. When transporting a cylinder,
one should be sure that a prdtective dome is properly fitted
" over the valve. The cylinder should be strapped to a wheeled
cart for transporting, and it should be chained or strapped
to a work bench or wall for‘use. This prevents it from

| PROTECT cyunper Y Y () |
VALVE WITH CAP {

FASTEN CYLINDERS DO NOT DROP
. SECURELY. CYLINDERS

RK CYLINDERS
HEN EMPTY

TRANSPORT CYLINDERS ON
HAND TRUCK-DON‘T ROLL

Figure 6. Ggs Cylinders.

%
L]
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falling over and possibly knocking the valve off, which
could cause g&e cylinder to becgme a deadly "jet" missile.

A gas regulator is used to control the flow of gas:
from a cylinder. A regulatoq that has been lsed te-regulate
some othFr gas should not pgﬁysed as a regulator on an 9xy-
gen cylinder. The high-pressure oxygen will react with any
0oil 'in the regulator, which could lead to a serious explo-
sion or fire. {The oil comés from the manufacturihg process,
during which the gas is '"oil pumped.!')

Working with materials at very low temperatures poses
special hazards. Cryogenics are gases that have been lique-
fied. Spills of these liquefied gases onto human tissue
can cause severg "burns' similar to those caused by hot ob-

. jects. Another hazard arises when liquid gases are warmed,
or when they come into contact with a warm object; an enor-
mous increase in volume and consequent generatlon of hlgh

T pressure.occurs. N

Many fires and accidents are caused by unattended opera-
tions. Experiménts should not be left unattended — certainly
not overnight. Heating units may fail, the flow of cooling
water may be interrupted, equipment may break, and other
problems may develop which could be corrected by the operator
if he or she were present. ‘

«Conventional refrigerators have inside electrical con-
nections and contacts which could spark and set off an ex-
plosion if used-for storage of chemicals such as’ ethyl ether.
Laboratory refrigerators are specially designed to eliminate
this explosion hazard; but these refrigerators should never
be used for food storage, and the ice cubes should never be
used to cool beverages for consumption.

»*
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A vacuum can cause an implosien (the collapse of a
vacuum désiccafor, flask, or vacuum distillation apparatus).
. ‘Such equipment should be wrapped with a special adhesive
tape, which may not prevent collapse but can minimize the
amount of flying glass caused by an implosion. In addition,
wire-mesh cages may be used to provide protective shielding.

The buildup of excessive pressure in a glass apparatus
can result in a serious explosion. Equipment must be care-
fdlly set up’to allow gases to escape or to be trapped with-
out the/buildup of such excessive pressures.

Peroxides are a special source of hazard in ethers and
ether storage. Many explosions have been caused by ethers
that have been stored too long. (Over a period of weeks or
months, ethers form peréxides, especially in the presence

. of :air and g, glass containers. These peroxides decompose
upon being heated and, when the decomposition reaction
starts, an explosion results.j Sometimes an ether container,
in which peroxides have formed, will explode simply from -
being jarred or struck, even at room temperature. )

Ethyl ether, which is widely used in laboratories a{
an extraction solvent, should be tested for peroxides prior
to use. Ethers should be labeled with the date they are
received;—and unused ether should be discarded periodically.

—_

. RADIATION HAZARDS

.

A
An increasing number of modern laboratories use radio-

active isotopes, or equipment (for example, an Xcray dif-
fraction instfument) that produces radiation; theTefore,
the technician must be aware of some of the precautions to

be observed when working with or around radiation.:
/ -
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Radiation generaliy falls into one of the following
three categories:

1. Alpha particles are streams of heavy, positively-
charged particles. FThese‘particles travel about an
inch in air and have very little penetrating effect.
A‘piece of paper or the human skin stops them.

2. Beta particles are streams of lighter, negatively-
charged particles. These particles have a range of
up to 30 feet in air and can penetrate the skin.
However, almost all such particles are stopped by a
one-eighth inch aluminum sheet.

3. Gamma and X rays are electromagnetic waves with high \.
frequencies and great penetrating power. Lead and
concrete are often used to shield these rays.

Radiation produces biological injury by damaging cells l
through their ionizing properties. In a laboratory, con- -
tamination may be encounteréd on tools, glassware, working
surfaées, clothing, hands, in wastes, and in tRe air.

Special instruments must be used to gétect radiation.
Radiation safety primarily involves techniques mentioned (
previously regarding toxic chemicals. Hoods should be used
to prevent the ingestion of radioactive dust. Protective
gloves ‘and shoe covers are necessary. Radioactive materials
must-be clearly marked. Smoking, eating, and drinking in
the laboratory are strictly forbidden. All equipment and

.. personnel must be monitored and decontaminated upon leaving

a restricted work area. 'Proper waste disposal is extremely _
importants. ‘ ’

' Because the cumulative effect of many small radiation ~ ‘\\
exposures may cause serious health problems, it |is desirable ‘

to maintain complete records of personal exposure (as shown

o . .. CH-01/Page 37
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by pocket monitoring devices). Yearly, or more frequent,
medical examinations for all exposed personnel also are

¥

recommended. .

LABORATORY FIRST AID

First aid training is a must for a laboratory worker.
This training enables the worker to render life-saving aid
should it be required. Most larger companies have in-house
safety programs that include first aid training. It should
be remembered that first aid is the immediate assistance 5
given to thé victim q% an accident before professional
treatment by a doctor can be arranged. Do not attempt to
give full treatment, just emergency felief. Stop bleeding,
~ prevent shock, then treat the wound — in that®rder. The - -
primary rule is to keep calm; proper aid cannot be given by
anyone who is not in control of himself or herself.
- The followin® is a list of the basic principles of
first aid: ]
1. Call an dmbulance, and state the type of accident, its
location, and the approximate number of people injured. .-
2. Keep calm and keep crowds away; give the victim fresh
air. Do nothing else unless the proper procedure is:
N é known. ' ' .
Stop any bleeding. .
4. Prevent physical shock.
5. Restore breathing by artificial respiration if required.
Ihé correct technique for artificial respiration is

shown in Figure 7. - ot

¢
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' 1. Life victim’'s neck with one hand and 4. Blow breath into the victim’s mouth
tilt his or her head back by holding or nose unttl the chest rises.
the top of his or her head with the S. Remove mouth and let the victim ex-
other hand. hale while taking another deep breath.
2. Pull the victim's chin up with the 6. As soon as the victim breathes out,
hand that was lifting the neck so replace”mouth over his or her mouth
that the tongue doew not fall back or nose and repeat procedure l5 times
to block the air passage. per minute. x
3. Take a deep breath and place mouth
over the victim's mouth, making a -
leak-proof geal, and at the same '
time pinch the victim’'s nose closed. @
Figure 7. Artificial Respiration.
k]
~~
6. Remove the victim(s) from hazar s environments
(spills of chemicals or high concentrations of gases, - .
& . ‘ -
R vapors, or fumes). Wear proper respiratory equlpment
and protective clothing to avoid exposing oneself to
\
hazards. ) >
7. Never give liquids to an unconscious person.
8. Do not move a person with possible broken bones or
. possible head or ifnternal injuries unless necessitated
by fire or fumes. p ‘ : =
A slight thermal -burn can be effectively treated by v

immersing it in cold water to relieve pain. Do not use

ointments on any burns; ointments cover & wound and hold )
) - -

s

in theé heat. Treat the victim for shock.
*, - X
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CHEMICAL BURNS -
%
Treat chemical burns as follows:
1. Remove the contaminated clothing and the source of the

contafiination. Care should be taken not to contaminate
oneself. ‘

2. Flush the contaminated skin area with large quaﬁfities
of water for at least 15 minutes. ' '

3. Do not use oils, fats, salves, or ointments; soap may
be used. The victim should be taken immediately ta a

hospital for further treatment.

WOUNDS AND FRACTURES

¥
~

Treat wounds and fractureg¢ as follows:

S - ——— e

-

1. Bleeding must be stoppe%/ﬁefore~other aid can be given.
Apply a large compress over the wound, with direct
pressure on the wound. If the wound is on an ext%éﬁ-
ity, pressure can be applied to one of the pressure
points. .- \

2. If the wounq is slight and bleeding is not profuse,
remove all foreign material projecting from the wound.
This removal may best be accomplished by careful wash-

ing with soap and water.

(2]
.

4. In the case of a‘puncture wound (from a brq&én thermom-

eter, glass tubing, .), the victim should be taken

to a hospital. Puncture wounds are difficult to trqat‘

5. «In the case of possible bone fracture, do not move the
victim unless there is additional danger present (such
. ¥
as fumes or fire). »
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gwe&txemiLieé briskly to restore circulation.. Reassure the

R
- - <
. /

6. Treat for bleeding and shock, but leave splinting to
a professional. &ﬁen it is necessary to transport the
victim to treatment, improvise a splint support to
prevent further injury.

SHOCK

14 e .

Shock, which occurs to some extent “in aginjuries,
can cause death. ‘ Symptoms of shock include paleness, cold
and moist skin, nausea, shallow breathing, and trembling.
Place the vig¢tim-'in a reclining position, with the head
lower than the body. Control any bleeding. Wrap the vic-
tim with™blankets. If ‘there is no bleeding,{rub he victim's

victim and remain calm.
Treat electrical shock.as follows:

1. Shut’ offtthe current, Oor cautiously” remove "the elec-

\ trical contact from the VlCtlm\iéii an insulator such
as a rope or stick). « .

2. To restore breathing, start artificial respiration
‘immediately. 7

(92

The victim may be rigid.or stiff; even so, artificial
resplratlon should be continued until death is certi-
fied by a phy51§§an. o

4.~ .Keep the victim warm, using blankets or hot water
bottles against theifig\im's_b d

e ol
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POISONS (SWALLOWED) ' : B
Treat swallowed poisons as follows:
1. If the victim is conscious, give two to four glasses
of watey immediately.
Call an ambulance immediately.,
3. Induce/vomiting, except when the poison is a strong

acid, strong base, cyanide, gasoline, kerosene, or
other hydrocarbon.

’ 4. When the poison is a strong acid or base, give the -
“victim egg whites, a glass of milk, or one teaspoon
~ of@ried albumin in a glass of ¢old water.
\/ s 5. For poisons* in general, give one heapimg teaspoonful
- ) of Universal ‘Antidote in. half a glass of warm water.

' +The ingredients are as_ follows:

Universal Antidote

e
) 2 parts activated charcoal
. 1 part magnesium oxide ",
1 part tannic acid
. (Keep ingredients dry unt.il used).
- 6. Prevent shock by keeping the victim warm.
\/
POISONS (INHALED) i .
- R ¢
. - - . * a Y
* . Treat inhaled poisons as follows:
1. _Call.émbdlance.
2. Wear respiratory equipment and protective clothing.

P4

Move the victim to fresh air immediately and give the .

victim oxygen if avallable h&\

-
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Allow the victim to rest. At any sign that breathing
has stopped, begin artificial respiration immediately.
Treat for shock by keeping the victim warm.

4 L]

HEAT STROKE/HEAT EXHAUSTION

Neither heat stroke nor heat exhaustion is apt to occur
in a laboratory, but it can occur in a plant or outdoors.
The victim of heat stroke is very hot gnd dry; therefore,
body temperature must be reduced immediately. Remove the
victim from the source of heat and use ice and cold water
to reduce temperature. A victim of heat exhaustion feels

cool to the touch, and he or she shéuld be treated as if in
Phyii:al shock. Keep the victim warm and make sure the —————— -~ —

victim's head is lower than the body.

".

>
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LABORATORY MATERIALS

Personal protective equipment:

Safety glasses
°  \Face shield.
Explosion shield
"Fire extinguisher
Eyewash feuntyain
Safety shower

Major laboratory equipment:

Vacuﬁhspump
Gas cylinder
Gdg regulator
Hot plate

Fume hood
Waste disposal

-

\ v

LABORATORY PROCEDURES

1. Assign locker/labéZ::;?? equipment; discuss notebook

and laboratory reporting procedures.

-‘Demonstrate use of personal protective equipment and
major laboratory equipment.
Sketch floor plan of laboratory; identify on drawing
11 major safety pquipment, such as flume hood, evewash
iﬂunfaig, safety shower, fire extinguishers, emergency
exits, hnd'places for solid- and liquid-waste .disposal.
View 16 mm Safety film — '"Safety in-<the Chemical Labo-’
ratory”~(see Reference Section). '
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- GLOSSARY

Acute: A single or sudden event.

Auto-ignition temperature: The lowest temperature at which
a vapor will 1ignite spontaneously without any outside
source.of ignition.

“

Chronic: A repeated'or proloqud event.

Combustion: The rapid oxidatiQn of a substance which pro-
‘duces light and heat. ~

Cryogenics: Gases that have been liquified and therefore
are very cold.

Flash point: The lowest temperature at which a substance
in an open vessel gives off enough combustible vapors
to produce a momentary flash of fire.

Ignition temperature: The lowest temperature at which the
- vapor over a liquid will ignite and continue to burn
. 1if an ignition source is applied near the surface.

N\ . [

S0
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INTRODUCTION

Chemistry is the branch of science that deals with com-
position of matter and changes that take place in matter.
' Many of these changes, or reactions of matter, consume OT
produce energy and, therefore, are important to the energy ]
technician. Most matter is a’ complex mixture ‘'of elements \\\\_///~A\\\\
and compounds, although all matter 1is composed of a rela- '
tively small number of fundamental partlcles or building.
blocks. These particles, electrons, protons, and neutrons
combine in various ways to form atoms which, in turn, combine
to form molecules. The forces which hold these molecules

.

together are called chemical bonds. ]
Chemical bonding, ewgments compounds, electrons, pro-

tons, neutrons, atoms, and’ molecules are,all considered

in this module to help explaln the structure of matter. :

In addition, the student will learn accepted symbols and

formulas — the "shorthand" of chemistry — that condense

‘the volume of information, making it easier to learn and

u't‘ilize. . /\ , . o

PREREQUISITES .

]
.

The studer. should have completed one yeay.of high

school algebra and Module CH-01 of Chemistry for Energy

4

Technology I.

$

Y [

. ¢
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" OBJEGTIVES .

-

-+ Upon completion of this module, the student should be

able to:

1. Define the following terms:
a. Element. ' ‘
b. Atom,
C. Molecule.
d. Homogeneous. 3 /
e. Heterogeneous. ’ /
f. Mixture.
g. Compound.
“h. Ion.
i. Tonic bond. .
j+  Covalent bond.

‘ k. Hydrogen bond.

11 Metallic bond:

2. Write basic chemical formulas.

(92

Write the name of a compound, given its formula; or

e write the formula, given its name.
4. Match the name of an element with its symbol.
5. Identify changes as chemical or physical changes.
6. Write the electrical charge and rglative weight of

electrons, protons, and neutrons.

7. Draw a pictorial representat%pn of simplé atoms, giving
the location of electrons, protons, and neutrons. -

8. List characteristics that distinguish ionic substances
from covalent substances. "

9. Identify conductors from a 1ist of compounds.

[ —
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SUBJECT MATTER .

STATES OF MATTER

Matter, anything which occupies space and has weight,
exists jn.three states: gas (or vapor), liquid, or solid.
A gas has neither shape of its own nor .a fixed volume. It
takes the shape and volume of any container into which it
is placed. It can be compressed readily to fit a small
container;'or it will expand to occupy a large one. Air,
helium, and carbon dioxide are examples of some fairly com-
mon gases. A liquid has no specific shape; it”assumes the
shape of the container that it occupjes. A iiqﬁid does
not expand to fill the entire container; it has a specific
volume. Liquids are only slightly compressible. Water,
gasoline, and milk are common liquids. A solid has a firmness
that is not associated with either gases or liquids; it
has ‘a fixed shape and volume. Like liqufds, solids are

h

only slightly compressible. The three states of matter are

~

shown in Figure 1. -

SULFUR
VAPOR

Figure 1. "The Three
. States of Matter.

POWDERED
SULFER (SOLID}
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CHEMICAL AND PHYSICAL CHANGES

The stafe of a substance depends upon its temperature.
For example, above 100°C, water exists as a gas; be;ween
0°C and 100°C, it exists as a liquid; and below 0°C, it
exists as a ;dlid (ice). The changes of state, such as a
change ‘from solid to liquid or liquid to gas, are examples:

of physical changes. These changes often consume (or give . __ .

off) large amounts of heat and, therefore, .are of importance
to an energy technician. For example, the absorption and
release of heat during changes of state (also called phase
changes) are the basic processes in air conditioning, and
refrigeration. . .

A physical change is one that does not involve creation

of new substances — just a change in state or physical appeér-
ance. The following are examples of physical changes: melt-
ing of ice, changes in particle size (in grinding for example),
cutting of wood, condensation of steam, and melting of iron.
Chemical changes, also called chemical reactions, involve

the conversiéﬁ of one substance into another. Burning of
paper, 'souring of milk, rusting offiron, and burning of
gasoline are all examples of chemical changqs.r The product
of these reactions is a different éubstance from the original
. material. '

Ed
T

CLASSIFICATION OF MATTER

All matter can be classified either as pure substances
or as mixtures of two or more substances. A pure substance
is a material that is homogeneous (alike throughout) and

has a distinct set of properties. Substances are of two types:

S
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compound substances and elementary substances. These are
usually referred to as "compounds" and "elements.'" Most
substancés are coﬁpounds; they are composed of two or more
elements united chemically in definite proportions by weight.
Elements are the simplest substances; they cannot be deconm-
posed or changed into simpler substances. .Figure 2 shows .
the classification of matter. Mixtures have a variable .
compoéifion, and they usually can be separated into their
components by physical means. The components of a mixture
retain their individual properties. Mixtures usually are
heterogeneous (unlike throughout), but solutions are an

exception, Solqtions are homogeneous mixtures in which
one or more substances (solutes) are dispersed in another
(solvent). Sugar in water is an example of a solution (homo -
- -geneous mixture). Sand in water is an example of a hetero- .

geneous mixture. . ) !

MATTER
[ ] ] o *
MIXTURES o PURE SUBSTANCES ‘
Lo I . T
- pu - ]
HETEROGENEOUS HOMOGENEOUS COMPQUNDS ELEMENTS
i g

'

Il - ’

Figure %, Classification of Matter.

' ATOMIC STRUCTURE

As can be seen in Figure 2, pure substances are either
compounds or elements. Elements contain only one kind of’
particle, called an atom. An atom is defined as ''the smallest

CH-02/Page S
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particle of,an element which can take part in a chemical
change." The element iron, for example; is composed of only
iron atoms. A sample of iron can be subdivided o6ver and
" over again until, theoretically, the last remaining particle
wily be an atom identical to all other iron atoms. Atoms
are the basic building blocks qf matter; they are the smallest
units of an element that can ggﬁbine with other elements.

Several atoms can ¢ombine to form molecules, which are
electrically neutral particles composed of combinations
of tightly bound atoms. Compounds are groups of molecules,
just as elements are groups of atoms. "’

John balton, in 1808, proposed an atomic theory to
explain the structure of matter. Dalton considered the
atom to be an dndivisible object; however, datg,hgs slowly"
accumulated”“to indicate that th$ atom is not a single par-
ticle, but actua Y is ‘composed of several particles. Only
three of the sub ato@ic particles are of interest to this
study of chemistry: the proton, neutron; and eléctron.

The electrical nature.of matter was first studied-by
Benjamin Franklin, who discovered that there are two types
of electrical charge, which he called "positive" and '"nega-
tive." The electron is a fundamental particle of atoms,
and it has a negative tlectrical charge. The size 6f the
electron is extremely small; jits mass is approximately
1/2000 the mass of the lightest atom, which is the element
hydrogen. ' R '

‘'The proton has an equal charge with the electron, but is
opposite in sign; that is, the proton has a positive charge.
The proton has a mass of one atomic mass unit (amu). The

atomic mass unit is used to relate the weights of small
particles such as atoms, protons, and electrons. The overall
charge of the atom is heutral; therefore, it follows that

: ) 1 ' {
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atoms contain equal numbers of electrons and protons. For

example, helium contains two electrons and two protons, and
the resultant helium atom is neutral. '

The electron and protQn can account for the charges "
of an atom but leave unanswered the question of mass of
the atom. For example, the mass of the helium atom is 4.
Two mass units are due to.protons, amd two mass units are
due to a neutral particle equal in weight to the proton. g
This neutral particle is the neutron. The properties of

.the three fundamental particles of an atom — electron, proton,

and neutron — are given in Table 1.

« ~

..TKBLE 1: PROPERTIES OF THE !
THREE FUNDAMENTAL PARTICLES.

MaSs
Particle Charge (in amu)

S

Location in Atom

Ek?ctron Negative, -1 0.000548597 Surrounding nucleus
-~

Proton Positive, +1 1.00727663 Inside nucleus,

Neutron | Neutral, 0 | 1.0086654 Inside nucleus
"7

THE ATOM

All atoms are composed of the same basig building
blocks: the electron, mneutron, and proton:. The primé:y dif-

ference, between atoms of different élements 1is the number

of these buildiﬁg blocks that are present. Niels Bohr de-
scribed the atom as being much like the solar system, but

on a very emall scale. There is a very small core, known

(@)
()
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NUCLEUS

PROTON
NUCLEUS
o NEUTRON
‘-~ r
HYDROGEN * HELIUM LITHIUM

Figure 3. Structure of -Atoms.,
|

: :
%

. AN L
as the nucleus of the atom, around which particles spin

L3

at tremendous speeds (Figure 3) These spinning particles
are negatively charged electrdns Electrons that spin around
%he nucleus are very far apart, just as the planets and
the sun in the solar system are. The electrons' speed varies
from 10,000 to 100,000 miles per second, which is approach-
1n% the speed of light. The nucleus is c¢omposed of neutrons '
and\\’otons in sufficient number to make up the total weight
of the atom (electrons have a negllglble weight). Since

3;He number of positive protgons in the nucleus .is the same
as the number of negatiye electrons, the overall Eharge

- of the atom is neutral.

. {
COMPOSITION OF THE ATOM

~

\\ Each atom is de51gnated by an atomic number, which is
the number of protons. in the atom and also the number of

electrons in the atom. These numbers range from 1 (for
hydrogen) to 103 (for lawrencium). That is, there are 103
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known elements. (Scientists in Russia havg claimed that
they have made or discovered elements number 104 and 105,
but these discoveries have not been fully verified,) The~ —

dtomic weight of an element is the sum of the weights -of

the protons, neutrons, and electrons. As already 1nd1cated
for all practical purposes the weight of the electrons can
be jgnored since it is so small compared to the weights of
prdlons and neutrons. Since the weights of both protons
and.neutrons are very nearly equal to 1, atomic weights

of many elements are ne\Ely a whole number. -Atomic weights,
when rounded off, give the number of nucleons (total number
of particles in the nucleus). TK&S number is called the
mass number of the element. Table 2 gives the composition

. -of the flrst 10 atoms. Eor examﬁle boron (with the'short-

hand symbol of B) has a mass number of 11. Its atomic number, P

number of protons, and number of electrons are 5, and the
number of neutrons is 6. c

®

TABLE 2. ATOMIC COMPOSITIONS.

L J
* i " Atomic Mass Atomic” | Number Mumber Number
Element Symbol .] Weight Number | Number® ] Protons Liectrons Neutrons 5 -
tlydrogen . H \ 1.00797 1 ‘ 1 . 1 ] Ow
. Helium tle \ 4.0026 4 Z 2 2 2
‘ Lithium L1 6.939 7 3 3 3 4
. []sBeryllium Be 9.0122 9 4 a- 4 5
. Boron B 10.811 11 5 5 5 6 |,
carbor\_ | ¢ | 1z.o111s 12 6 6 6 6
Nitro;::F\\\\JN - 1 142 0067. 14 7 v 7 7
Oxygen® / 0 15.9994 \ 16 l;l 8 ) 8 8
Fluortne ’ F 18.9984 . 19 9 9 9 _ 10
. Neon Ne 20.183 - 20 10 10 10 ° 10
.. ’ , ‘. \ . !1'
. .. CH-02/Page 9 e
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In summary: Atomic number = number of protons =
number of electrons.

Mass number = humber of protoé&vf -
number of neutrors.

> r

The structure of the first three atoms, Kydrogen,
helium, and lithium, is shown in Figure 2. This representa-
tion of the atoms is an attempt to show their three-dimen- ~
sional nature. In mote~gomplex atoms it\is impossible to
show all of the protons, elebkfons, and ndutrons. For ex-
ample, lawrencium has 103 protons, 103 electrons, and 154
neutrons and would be impossible to .depict in a drawing.

Therefore, the:following representations will be used to
indicate atomic structures.

"+ Hydrogen: The hydrogen atom (Figure 4) — consists
of one proton (p*) and one electror (e”). The single

electron moves around the proton and is in- the first
shell. . .

\ . Figure 4. ¢H?drogen Adom. _”

- Helium: Another %mple atom (Figure 5) in terms

tons, twQ. neutrons, (n), and two electrons. The two

electrons in the first shell completely fill it.

T

Page 10/CH-02
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Figure 5. Helium Atbm. T N
The maximum number of electrons pdssible in the first
five shells is given in Table ‘3. : .
\
. /_,\_/
TABLE 3. IMUM NUMBER OF ELECTRONS .
POSSIBLE IN_ FIRST FIVE SHELLS.
’ Maximum Number . ‘ .
Shell . of Electrons ’
1 ‘ 2
2 7 8 |
< 3 18 , )
4 32 — T i
S . 50 . w
~ 3 'l;,) : ‘
: - 4 - &
- ' « Lithium: The next atom (Figure 6) has an atomic num-
. ber. of three and an atomic weight of 7. Lithium has ..
three electrons, three. protons, and four neutrons. '
e ' Two electrons are in thé first shell, and one is in \
- . /
the second shell.
< . N,
L4 \ _ ]
# X - i ,‘ b TN . . B a‘ "5
L e < . : 87 . CH-02/Page 11
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Figure 6. L1th1um Atom. . &
Sodium: The*sodlum atom (Flgure 7) has-11 electrons, -
11 protons,*and 12 neuﬁ%ons Since the first and second
shells are filled with:2 and 8 electrons respectlvely,

the eleventh electron is 'in the third shell. ~ 7

. N , : ~
: @
. A . [
' \\
. e
4

%

[ - - B - -
~Fi%bre 7. Sodium Atom.~\\

&

. -

The preceding examples show the orderly arrangement

of the atoms. 'Eagh sucteeding atomTc structure is simply
"bu11t -up" by addlng addlthnal electrons, protons,” and

neutrons. ' ’7/ - . ‘
N L4 - P . -

?YMBOLS - o

N A

CHemical;gymbols are often used instqad(of writing

‘the full name of an‘elemenfl The symbol consists of one

PE2R_12/CH-02 - _—
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or two letters of the eJemeﬁt's Englisn/or Latin- name. . The
elements using a symbol based on their Latin name have been
Enown for many centuries. These include the following:

iron (Fe, for ferrum); copper (Cu, for cuprum); gold (Au,

for aurum); silver (Ag, for argentum); tin (Sn, for stannum) ;
and lead (Pb, for plumbum). Symbols for some important

elements are given in.Table 4.

-

. TABLE 4. SYMBOLS OF IMPORTANT ELEMENTS.

Element Symbol - . Element .Symbol
"Aluminum Al Lead ' Pb
Antimony Sb Lithium. Li
_Argon Ar Magnesium Mg
Arsenic - As Manganese , Mn
Barium _ Ba . Mercury ) Hg'
Beryllium . Be Neon ‘Ne
Bismuth " Bi Nickel ~ Ni
Boron B Nitrogen N
Bromine Br 1 . Oxygen ’ 0
Cadmiim —~. Cd Phosphorus . P
Calcium Ca Platinum Pt
Carbon < C- Potassium K
Chlorine. Cl Radium Ra
Chromium Cr Silicon Si
Cobalt Co ~Silver . Ag -
Copper Cu Sodium Na
Fluorine F \ Strontium Sr
Gold . Auﬁ\\\\ Sulfur S
Helium He Tin Sn
Hydrogen . H Tungsten » W
Iodine . I . Uranium U
Iron Fe Zinc Zn
. 4 ~
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NAMING OF COMPOUNDS

Distinct, known compounds number in the millions. Be-
cause of this, a systematic way of naming compounds is of
utmost. importance. The situation would be hopeless if
every compound had a name fotally indepédndent of all othe;s;
therefore, some relatively simple rules aré used for naming
compounds. Some chemical compounds are still identified
by their traditional names, such as H,0 (water) and NH; (am-

) @qnia). It is very important that careful attention be given
to chemical names. For example; substituting perchloric for
hydrochloric acid in a procedure could result in a serious ex-
plosion. A*similar accident could occur if potassium chlorate
is used for potassium chloride.

The simplest compounds are those that contain only
two elements. They are called binéry compounds. If.the

compound contains a metal and a nonmetal, the rule is as
follows: The metal is named first, and the suffix -ide-is
made part of the nonmetal, asgshown below:

NaCl -~ Sodium chloride
Ca0 "Calcium oxide
Na,S Sodium sulfide

Mg N> " Magnesium nitride
BF; Boron fluoride

© 1}

Nonmetals often combine with éther nonmetals to form com-
pounds. Because the samé nonmetals can form several com-
pounds, it is necessary to use prefixes to indicaté the
number of atéms of an element that is in-the compound
(Table 5). . :

-
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: TABLE 5. COMPOUND PREFIXES.

Prefix Number Example.

mono- . one CO = carbon monoxide h

di- two COz = carbon dioxide / %

tri- ‘* three . §C13 = nitrogen trichloride \
r tetra- four /)CCIu = carbon tetrachloride

penta- five PCls. = phosphorus pentachloride

hexa- ) six SFe¢ = sulfur hexafluoride

~

Sometlmes it is necessary to use the prefix to give
the number of .atoms for both elements in a binayy compound. <,
This is particularly true when an entire series of different

compounds can be formed between two elements: .
N20 Dinitrogen oxide’
NO Nitrogen oxide ’ T
« N20, Dinitrogen trioxide -
N20s Dinitrogen pentoxide

L

Some metals have variable combining capacities (often
called valences) when combining with a nonmetal There are
two waystln yse to handle the precedlng 51tuathn in one,
the suffix -ous is used for the lower valence; ‘and in the

<~ other, the sufflx -ic. is used for the hlaher valence: An- -
other sysgem uses a Roman numeral with the English'name
of the element to indicate the valence of the first element,

being named: oo ) - S

71 - CH-02/Page 15




The following are ‘examples:

Valence

CuCl = Cuprous chloride (copper [I].chloride) +1
CuClz: = Cupric chloride (copper [II] chloride) +2
FeO = Ferrous-oxide (iron [II] oxide), +2
Fe,0;3; = Ferric oxide (iron [III] oxide) i +3

The:simple acids that are water solutions of compounds
of hydrogen with ‘nonmetals are called hydro * ic acids.

hydrochloric

HC1 =

HBr = hydrobromic
H,S = hydrosulfuric .
ﬁzse = hydroselenic

\
All the salts of these acids are -ide compounds’, such

as the following:

NaCl = sodium chloride

KBr = potassium bromide ’
Mg$S = magnesium sulfide
CaSe = calcium selenide

Oxygen-containing acids are nameo according to the
nonmetal and the number of oxygens contained in the compound.
The suffix -ous is used for the lesser amount of oxygen,
and -ic is used for the larger amount, as follows

sulfurous acid

H2303 =

H;S0, = sulfuric acid
H3PO; = phosphorous acid
H3PO, = phosphoric acid

b .
Some nonmetals form an even greater variety of oxygen-

containing acids. In the following examples of chlorine-
containing acids, the prefix hypo- means ''less than,” and.

Page 16/CH-02 »




the prefix per- means '"more than." The names of salts are
dervied from the names of the corresponding acids. In salts,
the suffix -ite corresponds to the -ous acids; the suffix
.-ate corresponds to the -ic acids. If the acid name includes
a prefix, this is retained in naming the salt, as shown

by the following:

Acid ¢ Salt

HC1C = hypochlorous acid NaCl0 = sodium hypochlorite
HC10, = chlorous acid NaCl0, = sodium chlorite
HC10; = chloric acid NaC1l0; = sodium chlorate
HC10, = perchloric acid NaCl0, = sodium perchlorate
H2S0; = sulfurous acid Na,;S0; = sodium sulfite
HZSQQ_;;sulfuric acid " Na,S0, = sodium sulfate

o

FORMULA WRITING

In chemistry, symbols are used for elements, formulas
are used for compounds, and equations are used for expressing
chemical-'reactions.. These devices not only save time, th?y also
make possible a gréat deal of mathematical calculations.

Valence has been ‘defined as 'the COmbining capacity
of an atom or ion radical.' Gany people prefer to call
these numbers oxidation numbers, rather than valences; both
terms are commonly used. The valence, or oxidation number,
is closely related to the structure of the atom. Hydrogen;
with one electron in its outer structure, has an oxidation
number of +1; calcium, with two electrons, has‘an oxidation
number of +2; and aluminum, with three electrons in its-
outer structure, has .an oxidation number of +3. It can be

L
.
-
.
Y

0
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. t
-~ said that hydrogen has a valence of +1, calcium a valence

of +2, and aluminum a valence of +3. Common valences,

or oxidation numbers, of some elements are given in Table 6.

3 | LT

TABLE 6. COMMON VALENCES OR OXIDATION NUMBERS.

Element Oxidatian Element ~ Oxidation
' Number Number
Al . +3 Fe S S
Sb +3, +5 Pb +2, +4
As +3, +5 . Li +1
Ba +2 Mg +2
Be ) Mn .42, 44, b
) : +7
Bi +3 Hg +2, +1
B +3 Ni, +2
Br -1 N +5; +3, -3
Cd %42 0 -2
Ca +2 , P +3, 45, -3
C +4, -4 K - +1
- Cl -1 ‘ Ra +2
Cr ¥2, +3, +6 Si , +4, -4
Co . +2 . Ag K +1
Cu +2, +1 . Na +1
F -1 . ’ St +2
He . 0 S +6, +4, -2
 H +1 : Sn : +2, +4
I -1 Zn +2

Some elements have several valences — even positive
and negative valences. This simply means that these atoms
have variable combining capacity. In some éompounds, they
may be the most.positive element; and in some compounds,

'they may be the most negative element.

¢
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Rules for formula writing include the following:

. Elements of positive valences or oxidation numbers
can unite only with elements of negative valences or
oxidation numbers. .-
. The symbol of the element with the positive valence Q@
is normally placed first. _
. The number of atoms of a given element in a formula
is represented by a subscript number to the right of
the symbol, unless it is 1. TIf no number appears,
1 atom is assumed for that element. NaHSOu. indicates ’
that there is 1 sodiym, 1 hydrogen, 1 sulfur, and
4 oxygen atoms in the molecule.
- The ratio of the numbers of atpm% used in a formula
is inverse to- the ratib of the valences of the two
elements. The following is an example:
A compound contains iron, with an oxidation’
number of +3, and oxygen, with an oxidation

er 0f -2; the correct formula for this
cpmpound is Fezos. The following step-by-
tep procedure can be used tb find the correct
‘formula. Write down the elements sinvolved v ' '
and their valences: ;
- Fe“i’)'2
. The lowest commen multiple of the two charges,
"+3 and -2, is 6. If the charge ‘of each atom
is divided into 6, one finds that 2 iron atoms,

with a +3 charge each, are needed to.balance .' .
3 oxygen atoms, with a -2 charge each. Then

the following may be written:
. L

-

»

+ -
Fe™3 0%
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The plus 6 of the iron—balances the minus 6

of the oxygen. ‘Leaving off the charges now
gives the correct formula as follows:

Fe203

An ion is an atom or group of atoms which has gained or
lost one or more electrons, thus giving the ion a positive
or negative charge. For example, the sodium atom (Na) can
lose an electron, forming the sodium ion (Na+). Groups of .
ions often behave as if they were single ions in chemical ‘
reactions. The valences of some of the common radical ions

= are in Table 7.

[4n

¢ »
~

d TABLE 7. VALENCES OF RADICAL IONS.
Ion Name Valence
: (NH,) Ammonium .t \;
P 1 (oH) Hydroxide -1
(NO3) Nitrate . -1 //)
(C103) Chlorate - -1
‘ (S04) Sulfate -2
(CO3) , Carbonate -2 B
. (P6g) Phosphate -3
(CN) Cyanide -1
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In writing formulas containing radical ions, the same

rules apply.és though the ion consisted of a single element.
Thus, the compound of sodium (+1) with the carbonate ion (-2)
gives the compound Na,CO;. If twe or more radical ions are v
uged in a formula, pa;entheses'must be used around the radi-
cal-ion. An exapple of this is in the formula for barium )
nitrate; Ba(NO;),. This formula'indicates the compound

# contains.l barium atom and 2 nitrate ions, éach containing

1l nitrogen and 3 oxygen atoms.
C R

[y

CHEMICAL BONDING

. A
Molecules are composed of two or more atoms held to- °

gether by chemical bonds. The chemical bond is a force

which is electrical in nature. Ionic bonding, covalent
bonding, hydrogen bonding, and metallic bonding will Pe

considered.

4

IONIC BONDING

. a t
Ionic bonds are formed by the ¢lectrical force of attrac-

tion between a positive and a negative ion. For example, in
sodium chloride (NaCl) the positive sodium ion (Na¥) is at-
tracted to the negative chlorine ion (Cl1 ). The-ions form a
three-dimensional crystal, as shown in Figure 8. ‘}n general,
ionic compounds are hard, brittle, and have relatively.higb
melting poinfs. The strong force causéd’by the attraction
,of the oppositely charged ions éEcounts for ghe high melting
point and hardness.,. When ionic compounds are dissolved in
water, thé ions are free to move, and they will conduct an

electria current.

o

74
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Figure 8. Crystal
Structure of
‘ Sodium Chloride.
a \' / .
oA,
/
COVALENTs BONDING >

In some compounds the atoms®share electrons to form

a chemical bond which is called a-covalent bond. For ex-
ample, hydrogen (H;) is bonded together through the sharing
of an electron from each hydrogen atom to form an electron
pair which is the covaledt7bond. Covalently bonded mole-
cules generally have a relatively weak éttractf%ndfor each
other. In contrast to ionic crystals,/oovalentﬁé@hpounds

are soft, have low melting_points, and do not form ions -
in sofdution. ‘

HYDROGEN BONDING

Hydrogen bonding is a weak force of attraction between
certain moelecules rather/}han a force within the molecules.

=
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This type of bonding occurs in water. The structure of '
water is shown in Fiquf 9. The hydrogen end (positive) 5~\7

of one watﬁéimolecu;e attracts the oxygen end (negative)
of another Water molecule. The result irs'a cluster of water

. molecules. This type of attraction, of hydrogen for a nega-

stive atom of an adjacent molecule, is called hydrogen bonding.

Figure 9. Structure

of Water.
- P
- %
Y }
. \
: |
Hydrogen bonding is.a very weak S & - \
type of bond compared to ionic H0 |
or covalent, but it greatly 100 EEAREEEEEE H;. - . |
Ay o I
changes the expected properties © 50 T T
_l{\A[~¥o l:‘f(l:L
of molecules. A graphic illu- - HF RO
' Z Nt Hgie ]
stration of the effect of hydro- g - o e
$ondi i< found in Fig- o — P H g8 A
gen ‘bonding .is found in Fig z NS ST
ure 10. The~abnormally high 3 S0 T ﬁgfﬁ%‘: ‘
o . . . 3 A\VIRP=S . ‘l: i
boiling points for H,0 and HF 10012 = HOl -
are accounted for hydrogen INCREASING ATOMIC NUMBER
bonding that takes place_in_ . 7 .
these compounds. Figure 10. Effect of
Hydrogen Bonding on \
Boiling ,Points.
s ~ - t )
. V'
O i ) ¥ CH-02/Page 23°
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METALLIC BONDING .
’ %
Properties of metals, such as high electrical and ther-
. mal conductivity, luster, and high reflectivity are thought',
to be due to an electron-sea in which the electrons are
- mobi] and meve rather freely around fixed metallic ioms. .
The force that holds the whole structure together is- an
attraction of positively charged metallic ‘ions for the sea
of negatively charéed electrons. This force of attraction
is called metallic bo%ﬁfﬁg. An electron-sea model for a
singly cha;ged metal ion such as sodium, and for a doubly

charged metal ion such as magnesium, is shown in- Figure 11.

Ly .. ' @ ‘ / ~
. 0’0, 0%
, © @ O 000 9
Q0’00 b8BT

SODIUM ] MAGNESIUM

4
’

- Figure 11. Electron-Séa Model.
: Py for Metallic Bonding. .
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- MgCoO; . . .

— . EXERCISES

kY
<

)
3

Chlorine is a greenish }eilow‘gas It can be changed
to a 11qu1d by cooling to.-34.6° C, and it reacts’explo-
sively w1th sodlum te form sodlum chlorlde (tableusalt)

Which of these propertles are physical propertles and T -

o

/hg\& are chemlcal?

-

RN ” Phy31caL' Chemical
s © " Prppert¥ Property
Greénish-yellgw R Fo3
Gas . N
Changes to a llquié\by
" cooling to -34.6°C

Reacts exp}051vely with :
sodidm to forw sodium . 1
chloride : "

7

Identify the following as an element;-compound, or mixture
by placing an E (element), C (compound), or M (mixture)

in the blank space.

Milk Water .
Gold Zinc
Ink Sodium chloride

-

Use the rules given in the Subject -Matter to name the

following compounds:

ca0 . e
MgCla
KOH
Co
PCls

<KCN .

184

CuCl .
CUC].Z e ] i -

“
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"FeCl. . PbO .
’ ) Fe20, ) T PbO,

Cu(OH) 2 ) s " HgNO, -

Cu,S* ) - Hg SO,

5. Write the correct formulas for the fongw1ng compoulds :

, Iron (II) ‘hydroxide T, . T

Zinc cyanide .o . ) ”

Tin (IV) oxide , X . -

Boron trifluoride B ’ - °

~ éymonium nitrate o
. Potassium iodide ® ‘ S

/ N Carbon djisulfide - ; _ .

Silicon tetrafluoride:  _. .

o - -' N a

.- . A *

. ¥/ Y R . N ~ J

’ ’ ) [ <

: . - ‘ 4 ¢
1 ‘ ? \'
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~ NaH,PO, Sk

N
PbCl:

PbCl, . . . .

. - ¥
Give the valences of the first element in each of the

following formulas: - . '
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6.

"Ammonium,
NH.*
s

Jodium,
Na*

Calcium,
Ca+2 R

Aluminum
A17*3

av

?
‘&l
£ .

C1-

OH"

Complete the following table:

.Radical

NO;~ S04 2

“

e

I ca(oH), | B

Al,(S04) 3

ox
© °
.

)

¢+ * 7. Calcium has  an atomic number of 20 and a mass number of
P ,

40.. Supply*-the following information about calcium:

Number
%Number
- Yumber
. oﬁﬁmber
in the

. v Number

o> An the

*

S Numbe;
S in the
. NUmper

. in the

of electrons

of protons
of neutrons.

of electrons
first shell

of -electrons
second shell

of electrons
third ‘shell

of electrons
fourth shell

- - 4

= '

: e e .
R ' CH-D
o3

o - -

“
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LABORATORY MATERIALS -

Laboratory 1 . ' Laboratory 2

$

Sodium bicarbonate{ NaHCO;

Electrical conductance

Magnesium sulfate, MgSO, * 7 H,0 apparatus
(epsom salt) 8 — 50 ml beakers
4 small crucibles with lids . ‘Distilled water
Meker or Bunsen burner ’ Methyl alcholol
2 fing-stands_ ) B Kerosene or gasoline
2 small iron ringé Acetone
2 clay triangles : Carbon tetrachloride
1 pair crucible ;zﬁgg """ . Potassium bromide
1 desiccator : - Potassium Ehlori&e
Balancge : ) Barium chloride
i . N Potassium nif;rate
Sugar ) 5

. Sodium chloride
"~ Copper sulfate
. Sodium phosphate

®

-~ LABORATORY PROCEDURES

LABORATORY 1. DECOMPOSITION, OF COMPOUNDS.’

A .

PROCEDURE’

)

‘Page Z8/CH-02. - . o T,

vCarefully record ‘all d;ta in Data Table 1.

-

Clean and dry four crucibles with covers.
Weight each ‘cruciblej plus its 1lid, to the neardét_-'
0.1¢. . = - R ‘

.

tE-e {:rucible?,f then cover the

the nearest (.1 g., - el -

- - ‘. 4
L




4, Repeat Step 3 with the second échible, using a sample-
~pf sodium bicarbonate that weighs approximately 3 gf )
’ 5. Subport one ‘of the covered crucibles*on. the clay tri-
. angle, then place the 1id off center and gently heat it-
LY  with a burner s(Figure 12). The crucible should be heated
- . to a dull red color for 15 minutes; Heat the second .

. crucible the same way. . ‘ ’ ’ .o

HEATING IN THE :
. PRESENCE OF AIR }\

Figure 12. Heating a Crucible;
. o ;" E e
6. While the sodium bicarbonaté is heating, weigh the second
set of crucibles as in Step 2. Weigh ol _samples -of )
. epsom salt.as described in Steps 3eand 4.
7. After the samples of sodium bicarbdnate have been heated
for about. 15 mlnutes remove the burners, center the - .
. ' lids, and allow them to cool glightly. Then pléée the cru-
‘ cible in a de51ccator to cool _to room temperhture 'U§e
cruc1b1e tongs to handle the hot crucibies.
g. While the crucibies contalnlng,sodlum bicarbonate are . ™

cooling, heat the two crucibles containing the samples <"
e gf epsom salt, using the procedure glven in Step S

_"1,” 9. Welgh the. crucibles and 11ds contalnlng the re51due from
. the decomposition of sodlum blcarbonate as soon as they
‘ ) %s‘.ate cool. - I Ce L
w‘p v . . .
.. - 8% :
s <. . Co CH-02/Page 29

Q : . T ¢ . o




&

6 &

~ N ‘AG - A L) °
. 10. After the samples of epsom salt have been heated to a “
dull red glow for 15 minutes, remove’ the burners cover'

the cruc1bles, and allow them to cool sllghtly Then

% : place the samfples.in a"desiccator and allow them to . )
¢ O . 0 ~
cool to room tempefature. Weigh the copoled crucibles )
and lids. . . ’ ’ ’ ‘

. v <o Y 4

11. . After the experiments arg completed dispose #f the
residues and- clean the fucibles with: soap

12. Perform the calculations as outlined in
to calculate the percent of residue for both samples
of sodium bicarbenate and magnesium sulfate~ If one
substance has changed into another, a chemlcal reactiedr
has~occurred. In the experiment, the twoﬁteattlons can
be indicated by the following equations:

= . i N
.

P

»

2 [

g

Sodium bicarbonate —>Sodium carbonate + Carbon dioxide : *
~ + Water _ - ’ Equation 1

* ;
'e A . .
;

-
. -
" N

>
‘- . Y . CER ‘
'l
LA b

. ' Epsom salt — Magnesjium’ sulfate + Water

S -

' « 3
o

. .-+ T Equation 2.

. In the firstctlon, carbon dioxide and :vater are c
driven off into the atmosphere, and theires1due is sodium.
- / carbonate. e .
" In the seconds reaction, water is driven off‘from'the
epsom salt, leaving a residue of magnesium sulfate! 1In .
both of these reactions, the same percentage,of residues
for the 2= and 4-gram samples should be obtalned withine . LIS

* h ’

-
v,p,r
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experimental .error. No matter what the source of
sodium bicarbonate if it is pure, it can always <be
decomposed to glve‘the same percentage of sodium car-
s bonate as every other pure sample. The same is true
for other pure compounds, including epsom salt. All

pure samples of epsom salt have the same percentage
composition. <

LABORATORY 2. CONDUCTIVITY OF ELECTROLYTES
AND NONELECTROLYTES.

Electrolytes are substances that conduct an electrrc‘
curréht when put into solution. Vonelectrolytes on .the
other hand, ;je nonconductors of electricity. Substances
that are ionftally bonded form ”charged” ions in sotution
which can ""carry the electrical current. Acids, bases, and
salts,rgenerally are found to be electrolytes.. Substances
that remain as molecules in solution will not conduct elec-
trical current These substances are typically carbon con-
"taining ‘or organic chemicals, and they are covalently bonded.
In this experiment the student will di?ferentiatéﬁbetween
electrolytes and nonelectrolytes byumeasuring their condug.-

~tivity. . . - . Tz

“A variety of electrical.conductivity measuring devices'
are availaele.¢ A common one utilizes 110 volt a.c. circuit
with a }ight bulb in the circuit. When an electrical conduc-
tor comes' in contact with the two electrodes, the bulb lights
up. Some lndication of the strength of the .electrolyte can
be determined from the inten'sity of the light. Some conduc“

't1V1ty devices uge millizmmeters to enable ome to measure the

amount of current flowing. A diagram of two simple conductiv-
ity apparatus is shown in Flgure 13. . .

[}
“ -
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BATTERY OR OTHER
( 8 VOLT SOURCE . -

MILLIAMMETER LIGHT BULB
o ’
9 9

S .
ELECTRODES _ swiTcH 110 V ALTERNATING CURRENT PLUG

TEST PROBSES

Figure 13. Assemblies to Test the Conductance ‘
- of Electrolytes.

- PROCEDURE 1
Carefuil? record all data in Data. Table 2. ~

1. Be certain that the electrodes of the apparatus are
clean. Rinse them prior to use and following each ,
solution, using“distilled water.

2. Place enough of the liquid to be invesgAgated in a
beaker and lower electrodes. into place.

3. Use liquids showﬁfin Data Table 2 and indicate whethera
solution is a noncogjnﬁ@or or conductor;_if a conductor,
indicate.as weak, medium, or st;ong. |

Y
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DATA TABLES

DATA TABLE 1. DECOMPOSITION OF COMPOUNDS.

[

t ‘e
DATA FOR DECOMPOSITION OF SODIUM BICARBONATE
‘ Sample 1 Sample 2
Weight of crucible + 1lid + sample before heating
Weight of crucible + lid + sample after heating
Weight of crucible + lid
Weight of sample (1 — 3y~
Weight of residue (2 - 3) i
Wei1ght of gaseous product (1 —
‘ 3 of residue (5/4) x 1003
A
+ DATA FOR DECOMPOSITION OF MAGNESIUM SULFKTE N
Sample 1 Sample 2 A
Weight of crucible + lid + sample befgre heating
Weight qf crucible - lid + sample arter heating //
veight of crucible + lid .
. Weight of sample (1 - 3)
: > Weight of residue (2 -3)
Weigf of gaseous product (i —2) -
. » bf residue (5/4) x 1003
\, -
h}
@
> ]
® LA & . -
. & -
. - A 'y /
c‘ r
. . 89 A . :
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DATA TABLE 2. CONDUCTIVITY OF ELECTROLYTES
' AND NONELECTROLYTES.

% -

COMPOUND' ' CONDUCTANCE

Weak - Medium
R A

* Distilled Late; . .
Methyl alcohol ‘
NaCl solution
ferosene
Acetone

KBr solution
KI solution Ao '
Carbon tetrachloride

Water and methyl alcohol
MgCla solut:ion
BaCl, solut:ion

-

¥ater and acetone
Water and sugar
Na;PC. solution
CuSC« solution
ANO; solution

ada
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Atom: Smallest particle ofy an element.

GLOSSARY

]

Atomic mass unit: Unit of weight used to relate the welghts
af small pajtlcles such as electTons, protons and
. neutronss’ . .

Atomic number: A number equal'to the number of ‘electron

around the nucleus of an atom; also equal to the num-
.ber of protons in the nucleus. ‘

Atomic weight: The sum of the welghts of the protons,
neutrons, and electrons in an atom., =~ ———"--

V -
Binary compounds: Compounds containing two.kinds of atoms.

Chemical bond: The force holding atoms together!:
“ - ' »
Chemical change: 1Involves the conversion of one substance
into another. a

Chemical symbols: -The on€ or two letter abbreviation of

an elemeqF - . . .

Lompound: A chemical substance containing more than one

ind of atom.

Id

Covalent bond: The bond formed by the sharing of éleotrqns

ot atoms. | . Tl e
Electron: Fundamental partlcle with a charge 6f 1 and .~
negligible weight. . , \ \
Element: The basic substances which cannot be decomposed o)
into simpler substances. - . v o
Heterogeneous: Having nonuniform composition. . . eo
|} [N - -

Homogeneous: Having uniform composition. . .

szroEggzbond: A weak bond formed by the attraction of L
nydrogen for the negative atom of an adjacent molegule. .

Ion: An atom or group of atoms which has gained or lost "
one or more electrons.

Ionic bond: The bond«formed by the electrical force of
attraction between a positive and a negative ion.

$ : : CH-02/Page 37
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Mass number:’ The number of protons and neutrons in the
.
nucleus (same as nucleons).

[

Matter: Anything which occupies space and ha$ weight.

t

Metallic bond:™ The force of attraction in a metal in which
~ the p051t1ve1y charged metallic ions are attracted
to a negatlve "sea" of electrons. ,
B ) Y
Mixture: Comblnatlons of compounds or elements w1th a
variable composition.

'

N . v N

Molecule: Comblnatlon of atoms. )

Neutron: Fundamental ‘particle. wthh is neutral.and has _____
a relative weight of 1 amu.

v

Nucleons: The total number of particles in the nucleus..

Nucleus: The small, dense, positively gharged region at
the center.’of an atom.

Physical change: A change that does not involve creation
of new substancesw=

Proton: Fundamental particle with a charge of +1 and a-
weight of approximately 1 amu.

Valence: The combining capacity of an atom.

{
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. INTRODUCTION

3

2

Most themical work involwes quaﬁtftative measurements
and e€alculations which reqaire an understanding of mathematics
as it relates to chemlstry Scientific notation, significant
flgures and the metric system are considered in this module,
cas well as a problem solv1ng technique called dimensional
analysis. The knowledge gleaned from the previous module,
"Structure of Matter," is éxpanded with the study of atomlc;
weights, isotopes, molecular weights, and mole concépts. ,.

This module goes. beyond writing and-balancing chemlcal
equations and investigates some of the quantltatlye informa-

tion that can be determined through the use o% Ghemical equﬁg

‘tions.. The analyticéI’method of gravimetric analysis 1is also

presented.

4 . } 6
L. . PREREQUISITES
o ' %
-The student should have c0mp1eted one year of high

school algebra and Modules "CH-01 and CH-02 of Chemlstry for
-Energy Technology I.

© OBJECTIVES

-

1 . <
Upon c0mp1etlon of thls module, the student should be

' able‘tO'- - . .

s

1. ,EXpress conventlonal numbers in exponential notation
and’ convert exponentlal numbers into conventional - ‘
numbers.

,?%ﬁ Determ1ne the correct number of significant llgures in

-~ -

answers to matHemat&cal problems

" "CH-03/Page 1
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3 “ . ~
o |
-~ - " ’
N ’ z:.
[ ' . . . - - M
3.- " Convert Fahrenheit to Celsius temperatures and coénvert
: Celsius to Fahrenheit temperatures. )
4. Use the technique ofw~dimensional analysis in solving
o problems. ‘ : p
. . Write and balance chemical equations. ‘
Determine atomic and molecular weights of-elements and '
—_— ‘compounds, . ’ )
7., Calculate the number of moles in a given quantity of 3
, S
' "an element or compound " . . .
8.2 Calculate éﬁe numbqr of grams in a sample given the, gﬂ
_&?umber of meles in.the sample L
) \ W, % - . S ’
9. Write the nuclear isotope symbo or an elemgntﬁmg1Ven
{  the mass humbers. T
10:” Calculate amounts of reactants -and products from chem-
ical equatlons e .- : . o
- Ed
. , A .
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L _SUBJECT MATTER

_CHEMlCAL CAL%ULATIONS
. w
, Most chemical work is quantitative in nature, that is,
it deals with specifié amounts of substances; and the reSults
of chemlqal investigations are reported as numbers. Scien-
tific notation is used to report f;gures which are unusuall\
small or unusually large. THrough the use of >10n1f1cant
figures one can indicate the degree off accuracy in laboratory
Ymeasurements. Moreover, cKemical calculations are greatly
simplified through the use of the metric system since it is
ba>ed upon the decimal system. ' Scientific notatron, signifi-
cant rlcures, and the metric system, alond with a problem .
solving technlque called dimensional analysis, are all aids
1n performlnc\ehemltal calculations and are consrdered in

thr? ‘module. ¥ - ) _ - . .

- . . ~

¢

SCIENTIFIG NOTATION ' , g

4

* Numbers used .in chemistry are often very laroe oT Vvery
'small. For erample the nomber .of ‘molecules in 18 02 grams
'of water is 60-,- 0,000, OOO 000, 000 OOO 000, and the mass of
an ifdividual hydrogen atem is 0. 00000000000000000000000016"
grams. Obviously, thése numbers would be eumbersome to handle
in calculatlons, but expressed 1in exponentral‘form,'they are
easier to use. Etptessed exponentially, the,first. number
above becomes 6.0225 x 10%2%*, and the second numbper becomeé '

1.67 x 10°2%, Table 1 shows general relatlonshlps between

" conventional numbers and exponential notatron. °
.The exponent is used as a substitute for ‘the numbér of .

places the decimal point must be moved to the right or left

to give the long form of the number. .

@ +
\

. . 7 -
v J. ) ~, CH-03/Page,3
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TABLE 1. EXPONENTIAL NOTATION.

-

P . £ ’
i 1000 = 1 x 10 x 19 x 10 = 1 x 10° : -
100 = 1 x 10 x 10 =1 x 102 '
‘ J10 =1 x 10 =1 x 10}
1 = 1 =leO°
171 - S
O.l—ﬁ—_lo1 1 x 10 ‘
g [ . .
_ 1 _ 1 _ - ’
0.0l = ;%10 "0z =110
o 1 SR S
0.00L = 5T %19 T 1o7 =10
In order to add or subtract numbers exp¥essed iﬁ expo -
nential notation, the pewers of 10 must be the same. For .

example, the follqwing nu%bers may be added as follows:

(4.16 x 10*) + (2:14 x 10%) - o
: : (dddition):
416 x 107 + Z.14 x 10°? .

44

.

418.14 x 10?2

ro . -
When numbers expressed in exponential notation are mul-
N
tiplied, the exponents are added; but when numbers expressed
in exponential notation are di%ided, the exponent of the di-

visor .is subtracted from the exponent of the dividend. Note
the following “examples:

.

()’)
w3
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O"Q)/\r

(6.3 x 10*) (1.1 x 10°) J

(6.3 x 1.1) x 10°%°®

(multiplidation)*
6.93 x-10'?

d v
. - -
iv”m ’
3

x 10°
x 103

4| O
9] 4=
~

o
-

105°°% = - (division)

4
[
~

1o
o
~
—
O
'
|

200

EIGNiFICANT FIGURES.
~In every experiment;l measurement there is a deggee of

uncertainty whi¢ch depends upothhe _type of measuring device

used and/dr the skill of the person conductln% the measure-.

ment. For example, 6 ml of liquid can be measured with a

100-ml gradua}ed cylinder and appear to be 5 or 7ml. In

“this case, an error of 1 ml is possible. However, the accu-

racy of measuring 6 ml of liquid with a 10-ml graduated cyl-

inder can be expected to be within 0.1 ml of the 6 ml, or

5.9 to 6.1 ml. Finally, 6 ml "of liquid can be measured with

a buret'ﬁith an uncertalnty of only 0.01 ml. In this instance

volume measurement could Tange from 5.99 to 6.01 ml. On the

" f61lowing page is a list of accuracies arising from thgse

three measuring methods:

CH-03/Page 5
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6 ml (large graduated cylinder) -

6.0 ml (small graduated cvllnder)

6:00 ml (buret)
The accuracies llsted above are etpressed inferms of signif-
icant figures. There is one significant figure in 6 ml, two
significant figures in 6.0, and three significant figures in
6.00 ml., When exberimental quantities are multiplied or
divided, the number of significant figures in the result can-
not exceed the number contained in the least accurate measure-
ment. Or, this concept may be expressed¥as follows: An an-
swer in an, experimental dete;mlnatlon is not better than the
least accurate measurement ¢in the experiment.

—

S

METRIC SYSTEM

s
)
N 1

The metric system of weights and peasures is used -
throughout the world - e{cept in the ﬁﬂited ~States. Héhever,
_thls country is gradually moving tOhaId use of- the metric
system. The major ad\antage of the metric’ svstem is the fact'
that it is based upon a decimal- S)stem, therefore, many cal-
culations involve only mov&ng the-decimal point. The metric

system employs a series of ‘prefixes to\indicate decimal- frac-

tions of basic measurements. Some of these prefixes are

-given in Table 2. .
Metric units are also known a@ Inteznatlonal SKstem
units (SI units). '

Page 6/CH-03 °
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TABLE 2. METRIC SYSTEM PREFIXES.

b
Prefix Abbreviation | Value Example
Mega- M 10° | megawatt = 1 million watts
Kilo- k 10° | kilometer = 1000 meters
Deci- d 10°'] decimeter = 0.1 meter
Centi- c 10-2 centimetgr = 0.01 'meter
S Milli- m | 10°°| millimeter = 0.001 méter
‘ - - <

<<

%

The basic metric unit of length is the meter, As can
be seen from the comparison between metric and English sys-
tem units shown in Table 3, the meter is slightly longer than

1 yard.

.

-

-~
N -

4 ’ . , v
. TABLE 3. COMPARISON OF ENGLISH AND METRIC UNITS.

i Metﬁic System Engf&sh System
Length | 1 meter = 1.094 yd 2.54 cm = 1 +in
| Yass 1 kilogram = 2.205% 1b 455.6 g = 171b
Volume 1 liter = 1.06 quarts 1 cubic-ft = 28.32 liter}

© © -

°

A 4
« The basic metric dnit of fiass is the kilogram (kg).
Although it is common practice to.use the terms 'mass” and
"weight'" interchangeably, this practice is not correct. Mass,

’ « ¥

e . ! . vy ! )
: : 101 ) CH-03/Page 7

v &

-
. . .
D MC - ’
”
M .
Aruitoxt provia c
.

)




-
'S

which is a measure of ‘the amount of material in an~object, ’
. does nét depend upon the attractlve force of gravity. In
other words) mass is constant; whereas,‘welght is dependent
upon gravitational forces: The unit of mass most. often used
in chemistry is the gram (g), which is one one-thousandth of
.a kilogram. ) ,'1
The liter is the common metric measurement for volume.
A liter is tRhe volume occupied\by a cubic decimeter; there-

‘ fore, there are 1000 cubic centimeters (cc) in a liter. The
m111111ter (ml) is one one-thousandth of a liter and‘is equiv-
alent to a cublc centimeter. In a laboratory, most chemical
operations are conducted in the liquid phase; therefore mea-
surement -ofs volume is important. ‘

Density, a quantity that relates mass to volume, is mideiy'
uUsed to identify substances. Density is defined-as "the ratio

of mass to volume.'

' . » !
Density = Vg%%%e i
. ’ s -~ #
i _EXAMPLE A: DETERMINATION OF DENSITY.
“ N\ \
» {Given: The information that 790-grams (g) occupy a volume
’ . of 100 cm?. (cubic centlmeters) Co
Find: Calculate the densjity of 1ron, using the above
E ‘ information. . ’ 3
1Y Solution: \
iy, - _Mass _ 790 g _ /em3
Density Volume 100 o3 7.80 g/cm? .

. -

- . - v L 4
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fhe¢common temperature scale used in the United Stakes
is Fahrenheit. In sciehtific studies, Gelsius (centigrade)
+and Kelvin scéies are employed. The Celsius scale is based
on the assignment of 0° to the freezing p01nt ‘of water and
100°C ta the boiling point ofxwater (at sea level) ‘of
course, the correspondlno p01nts on.the Fahrenheit scale are

« 32°F and 212°F. The mathematical relationship betwegn Fahren-

heit and Celsius scales is as follows:

“«

(°F - 32°F)

[+]

(@]

n
Vel Xy

.
-

v v 4 . A
! The Kelvin scale is related to the properties of gases.

Zero onfthis scale corresponds to -273.15°C. Kelvin and .-

>

Celsius scales are related as follows:

2

: ‘ K = °C + 273.15° . Teoe
W 4
“’b
ThﬁgKef’in, Celsius, and Fahrenheit temperature scales are

compared+in Figure 1. . .




e

: >
. 373.15 K 100° C 212° Fo
: o
w w W
. w9 wo o N
. » oz . @2 6 < .
O (9> u.l>
mq w = ok
' ow =Ty, w
v E = ok
o2 . 8z ®=
273.15 K -4 0° C - 32°.F L] .
. . P . i w ’ ‘] . b
| . a.Kelvin b.Celslus c.Fahrenheit
Scale Scale Scalé

Figure 1. Comparison of the Kelvin, Celsius,
and Fahrenheit Temperature Scales.

- -

-

PROBLEM SOLVING / )
' ‘ » .

: % . ,

. In recording experimental data or answers to mathemat-
ical problems it is important to indicate the units of mea-
surement. A number reported for,a measured quantity is

meaningless unless its units are knowﬂ. An approach which

makes use of units in problem solving is called dimensional

- v,

analysis, or the factor method. Consider the following
example of this method of problem solving:

) © Page 10/CH-05 — 10
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_ EXAMPLE B: DIMENSIONAL ANALYSIS. ' Z
+ {1 Given: A traf1c sign that 1nd1cates the speed l1m1t is
40 kllometers (km) per hr. = - . : o
¢+ | Find: The corresponding speed in miles per hour.
Solutiont ;o ()(m) (1000 Aty (1. 094 vd) (1 mi
hr 1, kat 1 g 1760 yd
— = 25 B—I-:

Notice that. the units are canceled, leaving only the desired
%pits md/hf The units should be carried through all cal-
. ‘culations to make sure that they cancel properly. The mag-
- nitude of answers should always be considered to.determine
= : 1f théy are reasonable. For example, if the decimal point
were m1splaced in the above problem, the answer cbuld be 2.5
ar 250 mi/hr. Obviously, neither, of these answers would be

A3

reasonablée for a posted speed limit.

r

. ,/ GHEMICAL EQUATIONS - \\

i .

-t . ‘4 5

-

The symbol of a chemical element is the shqrthand nota-
tion for the é&ement e symbol represents +:an atom of the
‘Qr ionic formula of a compound is a’
// combination of symbols fer the individual atoms of the com-

pound. Symbols and formwias are both used in wr1t1ng chemical

elemen;~ Yhe molecular

equations. Chemical equations are used to indicate-chemical
tions. A chemical equatign is, therefore, both a qualita-

tive and a quantjtative stafement of a chemical change. As

) ' } 185 . " CH-Q3/Page 11
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will be s€en later 1n thlS module a balanced chemical eluatlon
can be used to caltulate ‘the amount of product of a given
reactlon, and for other 1mportant calculat1ons The chemical B
"equation and the atomic and molecular weight .relationShips’

of the atoms and molecules involved in a chemical redction

are u§ed in an 1mportant analytical technique called gravi-

metric analysis.

ATOMIC WEIGHT
- ; | N ‘/ :

“In Module CH-02 the-atomic weight of an element was
defined as '"the sum of the welghts of the protons, neutrons,
and electrons 1n the atom. The actual welght ‘of hydrogen,

" the lightest atom, has been determlned to be 1.7 x 10°%y
grams. This method.of. etpre551ng the actual welghtsggffatoms
is inconvenient, and slnce all elements are of the same small
order df'magnitude, it is more convenient.to use relative
weights than actual welghtS' The relative weights of atoms
of different elements are known as at6m1c welghts The atomic
weights of all elements, along witl-their symbols and atomic

P
-

numbers, are given in- Table 4.
'On the atom1c weloht scale, the weight of hydrogen is
1.00797. that of carbon is 12.01115; and-that of oxygen is,
15.9994. Therefore, carbon atoms weigh approximately twelve *
‘times as much as hydrogren atoms, and oxygen atoms are approx-
imately sixteen times heavier than hydrogen atoms. Sulfuy,
*3qnch weighs-52.064, is. approximately twice as heavv\as oxy- °
geﬂ. (In the development of the atomic weight scale a par-
tlcﬁlar kind of carbon atom, called carbon-12 1sotope was

giveh a~wéight of 12.00000.) Isotopes will be con51dered in

the next sect10n of this module.

Page lZ/CH-dS .
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. TABLE 4. TABLE-OF AFTOMIC WEIGHTS.
L) .
- 1
2 Atomic Atomic Atomic {tomic
Syabol . "No. " " Weight Symbol Vo. ", Weignt
Actinium Ac 39 227 - Mercury Hg 30 200.59
. Aluminum Al 13 26.98153 Molybdenum Mo 2% 95.94
Americium An 95 [243)° Neodymium Nd 60 144,20
+ Antimony 3b 51 121275, Neon Ne 104 20.183
Argon Ar 18 , 39.548 Neptunium Np | 93 . [237]
Arsenic As 33% 74.9216 Nickel Ni 28 58.71
Astatine At 85" {210]) Niobium Nb, . 1 92.906
Barium 3a 56 137,34 Nitrogen N 7 14.0067
3evkelium 3k 97 [249) Nobelium No .o (353
Seryllium 3e 4 3.0122 Osmium 0s ~6 190.2
31smuth 31 83 208.980 Oxygen o298 3 15.9994°
3oron 3 5, 10.811 Palladium Pd 16 106.4
3romine Br 33 79.909 Phosphorus ? 1s 30.9738
+ Cadmium - ad . 48 112,40 ~ Platinum t , ‘8 195.09
Calcatm . Ca 2 40.08 Prutonium Pu 94" {242]
Cal:fornium Cs 98 [2s1y) ° Polonium Po 34 210
Carbon o © 6 12.01115 |+ Potassfum * be 19 ° 39.102
Cerium’” Ce s8¢ 140.12. - Praseodvymium PT 39 140.307
Cesiun H 35 132.905 Promethium Pm 61 [145]
Chlorine 1 17 35,4535, Protactinium wa ~9 ¢ 231
Chromiun : 28 51.996 Radium ~ Ra 38 226.03
Cobalt Ca 27, 38.9332 Radon Rn 36 - 22
Copper Cu 29 £3.34 . Rhenaum . Re - 186.12
Curium Cm a6 [247] Rhodium Rh 450 102.90S
i Dysprosium oy ¢ 66 162.50 Rupidium Rb 37 85.47
Zinsteinium Es 99 (254} Ruthenium Ru i3 101.07
Erpium ir 68 . 167.26 Samarthum Sm 52 150.35 -
Zuroprum ° & Zu " 63 151.96 *Scandium sc L2l 14956 .
Fermium Fa 100 [253] Selenium Se ¢ 78.96
Fluorine E- 9 18.9984 Silicon t S 3 28.286
* Franczium Fr 87 {223] Silver . Ag 47 107 870
+ Gadolinium Gd 64~ 157,25 Sodium Na 11 22,9898
Gallium Ga 31, £9.72 Strongium St 338 87.62
Germanium Ge 32 72,39 sulfur « 3 16 ' 32.064
*Gold = Au 79 196.967 Tantalum. Ta 73 180.9438
Hafnium HE 22 . 178.39 Technetium by 43 $991 )
Helium . He 2 4.0026 Tellurium Te 32 127.60 .
* Holmaum Ho 67 164.930 Terbium T ¢ 65 158.392:. o
. Hydrogen ™ H -} 1.,00397 | Thallium ¢ T1 81 204.37 !
© Indiunm In 49. 114.32 Thorium *Th 30 232.038
sodine” . Lol 35 I26.9044 { Thul:ium Tm 69 163.334
* Iridium Ir 77 192.2 Tin Sm $0_ . 118.69
iron Fe - 26 55.847 Titanium .T1 22 47.90
Lrypton -° «r 36 83.80 Tungsten W 74 183.35
Lanthanun La 57 13891 Uranium U 92 W1238.93 .
Lawrenczum lw 103 {357 Vanadiun v .23 50.942
' Lead ?b 32 207,19 Xenon Xe 254 . 151.30
, Lithuim % 3 6.938 Ytterbium Yb 70 173.04
Lutetium Lu 71, 174,97 Yttrium R ¢ 39 ¢ * 88.90S
. yMagnes:um dQL‘ 12+ 24,312, cine in “30 65.37
Manganese Mn s 25 54.9380 ‘Prconrum Ir &0 91.22
. Mendelevium vd 10y, [256] ~ Y
. .

*4 value given‘in
1sotope. .

brackets denotes the mass nunoer of longest-}lived or ves{-known

-
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Since atomic weights are relative, they can be assigned
units (for example, grams, ounces, pounds, and so forth).
chemicahN;ork is done using the gram; therefore, atomic

is the atomic welght expressed in grams. Thus, one
gram- atomlc weight of oxygen is 15.9994 grams, one gram-

atomic- weight of hydrogen is 1.00797 grams, and so forth. §
The -term ”atomlc mass unit” (emu) is used to indicate the

-

weight of ‘one atom. “For example, one atom of sulfur: weighs

32,064 amu.” Almost all calculations in chemistry involve ’
the use of atomic weights. . ) ’ '

-

ISOTOPES s

- - 4 - - - -

) In Module CH-02 the mass humber of an element was de-
fined as "the number of particles in- the nucleus" - that is,
the numbér- of protons plus the number of neutrons. The atomic
Qeigh of elements. are often very ciose to beiné whole \num-

. bers :§d can be rounded off to obtain -the mass numbers. How-
ever, consider the fact that many atomic weights — such as
chlorine'é 35 45 — are far from.being whole numbers. This

- ~led to the dlscovery that most elements are mixtures of two

or more kinds of atoms having dlfferent atomic masses but
"similar chemical properties. Chlorine, with an atomic weight
of 35.45,'exists as two kihds of chlorine atoms that have
masses, very close to the whole numbers 35 and 37. Both type;w
of chlorine have an atomic number of 17' meaning they both

. ‘hawe'17 protons and 17 electfbns. The dlfference lies in .the

numbe1 of neutrons in the nuclel of Fhe different types, of

. atoms: chlorine-35 ‘has 18 neutrons‘and chlorine-37 has 20
- ’ < . J -
. - ' >. ,. rb ) . ¢ + P,
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, peutrons. Atoms of the- same atomic number and different
" atomic“weight (différent.nﬁmbefs of neutronsy are called
| iso;ope;f Chlorine contains 75.6%.isotope 35 and 24.4%
.isotope 375" The ameragéwweyght of this mixture of isotopés
is.35.45. T - C v

The existence, of isotopes is widespread among the ele-
ments. Some elements have only one isotope, "sonte haye a few,
and some have many. Tin is composed of a miktgre of nine
isotopes that vary in mass from 112 to 124. ) ‘

" A symbolism has Lheen devised to distinguish betwe®a
;Kiopes of an element. The twe isotopes of chlorlne for
example, are de51gnated by the symgﬁls 13C1 and {iC1 to in-

*dicate chlorine-35 and chlorine-37 respectively. Note that
the mass pﬁmber'is maae the superscript and the atomic num-
ber, 9he stibscfipt. .
Hydrogen is composed of the three isotopes shown in
Figure 2. More thad‘39.9% 6f Mydrogen is 'normal hydrogen )
" that is, !H, with one proton and one electron that welgh one.

;-

/
@@@Q@@@@

*. HYDROGEN 1,H DEUTERIUM 2,H
{ATOMIC Nb.1. {ATOMIC:NO. 1,
MASSNO.lt/‘ MASS NO.2)

TRITIUM 31H
(ATOMIC NO. 1.
MASS NO. 3)

- .

7

Figure 2.. Isotopes of Hydrogen.

. -4
1

i .
Aboﬁffone atom out of eVerX.7ODO atoms "is heavy hydrogen
(also called deﬁnerlum), which is a hydrogen atom whose!' ng‘
cleus contains one proton and one neutron. The symbo‘ifor

* . . |
1{)3 CH-03/Page 15
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~ \\N;/ heavy hydrogén is %H. Another isétope of hfdfogen, tritium,

is extremely rare. Tritium (3H) has two neufrons,,one proton,
and one electron. ~Tr1t1um f1nds some use in the fusion reac-
t10n used in the hydrogen bomb. Since the maJorlty of ﬁydfo-
gen is hydrogen-1, it is not surprising that its, atdmic weight
is close to ohe (1.0079). The reason so many atomic weights
are almost whole numbers is that there is usually one isotope

L
.present in very high concentration, just as,in hydrogen.

- Neon. consists of three isotopes: ${Ne, {iNe, and }3Ne.
The nat&ral abundances of these isotopes are 90.9%, 0.3%, and
8.8%, respectively. As would be expected from these numbers,
the atomic welght of neon is close to 20 CZO 179).
Since the electronic structure of all ‘isqtopes’ of an el-
enent are identical, the chemical propertles are the same.
Some of the physical properties (freezing point, melting

point, or density) may be slightly different 51nce these s
properties a?e somewhat dépendent upon the total weight of
the;atom. . ! .

. ‘ v ’
MOLECULAR WEIGHTS ~ -

\
LY

« The moleculyr weight of a compound is the sum of the

atomic weights of all the atoms shown in its formula. The"

, : K . > .
terin "formula weight' is preferred by some people, since séhe
. » . i

ionic compounds such as NaCl do not exist as molecules. For
most purposes, the terms '"molecular weight" and "formula

» weight'" are_interchangeable.

What is the molecular weight of the following compounds?

T . . -
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’ - \:.’/ ¢
. NaOH " # Atoms Atomic weight .
Na 1 x  22.99 = 22.99
50 1 x 15.99 = 15.99
. H 1 x  1.01 = +1.01 _ - -
‘ = - , TOTAL ~ 39.89 grams
' %
“ ‘w - -
HpSO4 . - - # Atoms, Atomig Weight
—=— — .
, : H & 2 x  1.01 = 2.02,
¢ S 1 x  32.06 = 32.06
<L 0 4 x  15.99 = 63.96
o ! - "TOTAL 98,07 grams
THE MOLE : '

Atomic weights are related to the number of atoms in a
very definite way — whidh is expiaihgd by the mole concept.
A'mglg of any element is aefined as '"'the amount of that ele-
ment that contains the same number of atoms" (as exactly 12
grams of carhon-12). It has béen determined experimentally
that this number is 6.02 x.102? atoms. ’This number is called
Avogadro's\pumber in honor of thé Italian physicist, Ameaeo

»Avogadro. A mole of ions, atoms, or molecules contains
‘Avogadro's nh@pgxqgf ions, atoms, or molecules. respectively.

A |

~ -

(. R .
« / T N

#.02 x 102% ¢ atoms
5302 x 1023 H,0 molecules
6.02 x 10%2° C1¥ions

Re

1 mole of C atoms

/ 1 mole of H:0 molecules

1 mole of Cl1 ions

- N N -

<
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&
A mole of atoms of any element has a weight in grams equal
to the atomic weight of the element, as follows: L

.

LY

- 1 mole of C weighs 12°grams
. : 1 mole of S weighs 32 grams )
‘ ' 1 mole of Al weighs 27 grams ]

. e o

Because atoms and molecd}es react with each other on a par-
ticle-to-pértiéie level ‘and not a gram-to-grai fevel,_the
mole'cdhcépt is'véry important; it allows the technician to
) - weigh materials (in grams for example) and to relate these
weights, to chemical reactions. Several mole relaiionships
.

are given in ;ghif\f, . ' oo

~

TABLE 5. MOLE RELATIONSHIPS. -
i ¥ - Y v .
Formula Weight| Weight of Number and kind o{ v
Name formala (amu) I molet(g) ] » Particles in } mo G
Atomic oxygen 0 16 16 ~ 16402 x 10?7 0 atoms .
* tolecular oxygen’| 0, 32 - 32 6.02 x 1027 0, molecules
’ . L 2(6.02 « 102°)0 atoms
Silver Ag . 108 N 108 6.02 x 102 Ag atoms
Silver ions | Age 108 . los 6.02 x 1027 Ags ions
. _Barium chloride RaCl. 208 208 ¢.02 x 102? BaCl, nolecules
: .- 1 6.02 x 102? Ba+? ions
L 2(6.02 x 102%)C1° sons

Page 18/CH-03 11» -
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EXAMPLE C: MOLE CALCULATIONS.

Given:
Find:

Solution:

‘Grémcatomic weights (moles).

The quantity of 80.3 grams of sulfur.

Grams of S
Gram-atomic weight of S

Gram-atoms of S =

80.3

o R
?—2—.1—3 = 2.50.

EXAMPLE D: MOLE CALCULATIONS

Given:

Find:

Solutioﬁ:

The quantity of 138 grams of ethyl‘alcohol
(C2HsOH) . - !
Number of moles. }

25 =2x12 = 24 g

6 % 6 x 1 6 g

10 1 x 16, =16 ¢

Molecular weight _ ‘o
of ethyl alcohol 46 3

Grams of ethyl alcohol ¥-
Molecular weight of A
ethyl alcohol

Males of ethyl alcohol =

138 g _ 5 .

46 g RN

EXAMPLE E: MOLE CALCULATIONS.

Given:
Find:

Solution:

fhree moles of sodium hydroxide (ﬁaOH).
Quantity (weight) of NaOH for an experiment.

Molecular weight

Grams of NaOH = Moles of NaOH x of NaOH

3 moles x (23 +.16 + 1) g/mole.
Grams of NaOH 3 moles x 40 g/mole '

3120 grams.

CH-03/Page 19




WRITING AND BALANCING EQUATIONS ’

» v <

The use of symbols and chemical’ formulas as a. condensed

method of 1dent1fy1ng elements and compounds was discussed

in Module CHfOZ. Now, symbols and formulas will+‘be used in

writing chemical equations. A chemical equation is both a

qualitative and a quantitative statement of a chemical

change; and it expresses a number of laws and facts. The

following are examples:

-*The law of conservation of mass — a law that states

that matter is neither created nor destroyed in a
chemicai reaction. Therefore, in a chemical equa- __.

tion which represents what happené in a reaction
the we1ght and number of each kind of atom is the

same befbre and after the chem1ca1 reactlon That h
is,, the total mass of the produ;ts is equal to the
total mass of the reactants.

The law of constant composition ~'each formula ex-

pressed the fact “that ‘the compound it represents -

has a constant composition. Each ‘symbol and for-

-mula involved must pe written correctly, using

knowledge of valences. . One cannot change a for-
mula- to achieve a.balanced equation.

Each equation indicates the relative weights of
the reacting materials and the products formed.
Weight relztionships af chemlcal equatlons will

be 1llustrated later., P o ‘

To write a chemical equation, one must know the follow-

ing -
' That the reaction actually can take place. This
. information is-determined experimentally. If one
! L
£
. K ' 1 > kY
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writes equatidbns but reactions do not occur, obvi-
ously, these equations are meaningless and mis-
leading.

. The correct symbols and formula of the reacting
substances (reactants). These foérmulas are ob-
}rained from experimental data.

« The correct symbols and formulas of the products.

+ Number of molés needed to balance atoms on each
side of the'equation. (The number of moles are
the coefficients placed before the formulas.)

The word '"'equation' 1is not used in a mathematical sense.
In mathematics, equation indicates’ that beth sides of an ex-
pression are +didentical. Chemical equations are used to indi-
cate chemical reactions — which, by d&finition, result in
Jhew and dlfferent substances on the right from the original
substances on the left. The reactants are not ”equal” to the
proddcts. The arrow 1n 'a chemical equation means "yields" or
”produces The '"+" slcn means ''reacts with.

Examples of wr1t1ng and balancing equatlons follow,
Word equations for chemical reactions can be written as fol-
lows: Zinc reacts with hydrochlorlc acid to produce hydrogen )
and zinc chlorlde This word equation can be written then as
a chemical equatlon as follows:

-

] *Zn + HC1—> H, +-In(Cl, -
5 ( o
The following information is needed before the preceding

equation can be written.

. e - ‘ .y } ‘
115 :
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The symbol for metallic zinc is Zn.
The formula for hydrochloric acid is Hle
~ Zinc and hy$dochloric acid will actually react. ‘
Hydrogen gas is produced in the reaction and is ' -
a d1atom1c gas, H». ' '
T . Zinc chloride is also a product, with a formula
' of ZnCl,.

Note that 1 Zn, 1 H, and 1 Cl are on themleft and that .
1 Zn, 2H, and 2 Cl are on the right. The equation: %s un-
balanced in this case; but the reaction’ can be balanced by
placing a "2" in front of the HCl. Notice that the formhla
cannot be changed to H;Cl, because the formula of hydro-
chloric acid is HC1 — not H,Cl,. ~ '

>

“Zn + 2 HCl—=4, + InCl,
-~ ‘ - & \

This balanced equation now states th;t one atom of z€nc will
react with two molecules of hydrochloric acid to yield one ‘
_molecule of hydrogen gas and one molecule of zinc chlorlde
This equatlon also. shows that one mole of 21nc will react
with two moles of hydrochloric acid to yield ong mole of
hydrogen gas_and-one;mole\of zinc chloride,. (

o + ., Magnesium reacts with sulguric acid to prodﬁce hydrogen
and magnesium sulfate as follows:

¥

!

Mg + H2SO0,——s=H, + MgSO,

1 Mg, 2H, 1S, 4 0—>1Mg, 2H, 1S, 40

.
-~
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This equation as wr1tten is already balanced and no coeffi-

cients-are needed. Alum1num reacts with ‘hydrochloric acid -

to' produce hydrogen and aluminum ‘chloride as ‘follows:

‘., 'fi < v

-

Al + HCl—>H; + Al'é_13

’
«
> .
~ ' \

To balance this equation, one may use’trial and.error .to

place coefficients in front of .the symbols and form til

a balanced equation results. For example, try lac1n0 a3

before HC1 to get 3 Cl on each side, giVving® $ H on the left

and 2 on the r1ght . An even coeff1c&ent that is also divis-

. right. The follow1ng is an exafmple:

‘ v

D, - ’
Al + 6 HCL —mH, +-AlCly
N . . [y : A T v a

” »
»

° . N i L Q
" . To balance the H and Cl, a 3 before .H, and a»2 ‘before AlCI;
i¢ needed. ‘ r

x

A IR S
AL A 6 HCl —>=3 H, +-2 ALCLe—.

K

'

Then, balance

- y

the Al as follows:

)-t
-1

1b€i by 3 placed in front of HG w1ll balance the Cl on the -

AN

o°
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2 A1 + 6 HC1 ——==3 Hz % A1c13 (balanced)
2 Al, 6 H, 6 Cl1 2A1 6 H, 6 Cl

v GEe L
P 1 ;

When the products of a reacn%?n are not knhown, ,it is
much more difficult to Write and*balance chemical equations.
Fortunately, ‘one does not have to mémorize every possible
chemical jeaction that can occur. Instead learning types S
of chemical reactions and %now1ng how substancés react makes
it poss1b1e to predict how similar substances would also re-
act. The examples given involvéd metals.react1ng with hydro-:
chloric acid; and, .in éagh case, the products were hydrogen
gas and a salt of the hetal,. It can be’predicted that most
metals will react with different typés of akids to form hy-
drogen gas and the salt of'ihérmetél — which, in: fact, is the

«case. .Now consider the foyr major types of chemical reactions.-

- 6

R « 5 (%

a
7

&
Combination: When two substdnces unlite to form a ¢

TYPES OF CHEMICAL REACTIONS,

‘“Z\more complicated substance, the reaction 1s known.’
as a combination. In the foliow1ng’Té%§t10ns\ihere

are two Oor more reactants, but only one proaucE.

-

“ i e &Y . . g . -\
i < s T .
- Fe + § o= FeS ‘
2 Hg + 0, —3 2 HgO
2 Hp + 07 —>= Hzo * .
S | ca0 MO CaloW), ..

Page 24/CH-03 B . » . .
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Decompbsition When a substance breaks down 1nto
two O% more products, the reaction 1s~called de-
/ composition. )

- ' CaC0; ——==Ca0 + CO, =
2 kcdo, — =2 KC1 + 3 0, N
2 HgO —2 Hg + Q; ’

] . , » .
Single Replacement: In these reactions an element

N
7

and a compound interact to form a different element

ahd a new éompound.

e H
M 14

~ 7 Zn % H;S04 —» InSO+

s

)
Fe + CuSO. —>=— FeSO, £ Cu

A - —

~

Double Replacement: In these reactions the atoms
qr rnadicals from two compounds interchange to form)

two new compounds. . / 7
‘ o . b2
" r ) - A @ . -
©AgNO; + NaCl ——AgCl + NaNO;
< " NaOH + HCl —NaCl +.H,0 v
-Ba(NO3)2.4 2 KCl—>2 KNO; + BaCl. “\ .
. . o
* \&\ . \‘\/ ¢ .
a 11, _
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CALCULATIONS BASED UPON CHEMICAL EQUATIONS, . )

r -
© .

A balanced phemigal équation can be used for calculating
the amount of product of a given reaction, and for other im-.
p&rtant calculations. Several of these calculations will be N
i}lus%rated. -

Consider the reaction that takes place” in a rocket motor
that used hydrazine as a fuel and dinitrogen tetroxide as an”
oxidizer. It has been established experimentally that molec-
ular formulas of these two compounas are N2Hy and NgO., re-
spéctdvelx. Analysis. of the mixture coming out of the 'rocket
exhaust shows that it consists of gaseous elementary nitrogen’ -
(N2) and water. Recall ‘that to write a chemical equation one
must know the formulas of the reactants and products, and
that a reaction will actually take place. With these factbrs‘
'éstablished, the equation can be written as follows: M /{/ﬁ

’

N2Hy + N0, -;;>>N2 + H,0 (unbalanced) ; -

¢ ) . ’

. . .. . Voo ,
Notice.that this equation is unbalanced since the same -number
« of atoms of* each eleﬂent_is needed on both sigés of the equa-
tion. _To begin the balancing prdcess, obserie that there are

four g?ygen atoms on the left and one.on the right. Placing

“s a 4 in .front of H,0 gives the following:

v

i .
N2Hy + N204 —> N, + 4-H,0 (unbalanced) -

Page 26/CH-05 ' S



Noticggthat there are eight hydrogen atoms on the right; so
placing & 2 in front of NaHy will give‘the following:

\
/

.
»

2 NiHy + N20, — =N, + 4 H,0  (unbalanced)

,

%

-
-

Finally, there are™six nftregen atoms on the, left; so placiﬁg

al before the N, gives tHeffol{owing balanced equation:’

2 NoHy + N20y —3 N, + 4 H;0 (balanced)

N P// -
- | }

S

[N

The coeff1c1ents can be con51dered to represent molecules;

: therefore, the above equition 1nd1cates that 2 molecules of .
N2 H w111 react with 1 molecule of N204 to produce 3 molecules
of N, and 4 molecules of H,0. Or, it can mean that 2 moles

" of N2H., will react with 1 mole N20, to produce 3 moles of Nz °
and 4 moles of H,0. The gram molecular weights of these com-

pounds are as follows:

-

v -

NoHy =°(2.x 14) + (4 x 1)

=28+ 4=32¢
~ U . NjO, = (2x14) + (4 x16) = 28 + 64 =92 g )
~ N, = 2 x.14 . =289
H,0 = (2 % 1) + 16 = 2 +.16 =18 g ' K

-

_The balanced edﬁétrop also Indicates that 64 (2 x 32) grams
_ of NpH. will react with 92 (1 x 92) grams of N20. to produce

- ' : - 10 . -
b 121 CH-03/Page 27
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S
" 84- (3 x 28) gr
that 92 + 64

tions of mass

produced when
following are

\ f
gt
Step 1:
P
. Step 2:
}
- Step 3:
]
>
’
g Step 4:
<
. d
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Nrite the moleeular weights below the

e e
e
PR

ams of N, -and-72 (4 x 18) grams of H;O.
84 + 72
is observed. :

£

T : Suppose\it is necessary Jto.determine the amount of water

100 grams of N»0. reacts with hydrazine. The

steps in the_ calculation:

\

¥
»

Write the balanced equation:

2 NpHu + N0, —=3 N, + 4 H,0. ,
lirite known and unknown quantities above
the formulas in the balanced equation:
‘ RN
100 g ‘ g
2 NzHu + Nzou e H20
o 4

v X
3 N2 +§4

%

v

. formulas involved, remembering to mul-

tiply by the number of moles involved:

A ? «

& Y100 g X g
2 NpHy + N20y, —>» 3 N, + 4 H,0
. 1 x 92 ' 4 x 18

3 .
Set up a ratio and proportion between .
information above the equation and that
below the equation, and solve for unknown
quantity:

-

-

V' d

Notice
K,156; therefore, the law of conserva-

P



«/

IOOL Xg .
‘ 1 x92 g 4«& 18 g
100 g . X g
92 g 72 g ,

Therefore, when 100 g of dinitrogen tetroxide react with

hydrazine, 78 g of water is produced. ' , o
knother example is to calculate the weight of carbon
dioxide produced by complete combustion of 104/ 1b of ethane
(C2Hg) in air. -~ The Steps are as follows: )
,;
Step 1: Write the balanced equation:
e )
2 C;Hs + 7 0y —34 CO;-+ 6 H,0  (balanced)
7 4
In combustion reactions, fuel reacts with oxygen to produce
carbon dioxide and water. Knowing this information allows
tge student to write and balance the equation above.
Step 2: Write known and unknow quanti;ies‘above ’
: the formulas in.the balanced equation:
10 1b b ~ \ "
o ,7~zgﬂu7oz—>—/fcoz+6}i20 o
) N s '\ 4

. ’ 0 - ,///
. 123 /
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Write the molecular weight below the
formulas involved: ’

~

10 1b X 1b
2 Csz + 7 02—> 4 COz + H,0
2 x 30 g 4 x 44 g -

Set up a ratio and proportion and
solve for the unknown quantity:

10 1b  _ X 1b .
2 x 30¢g 4 x 44 g~

60:X 176 x 10 = 1760

- 1760
X = =0

= 29.3 1b
L

Therefore, when 10 pounds- of ethane burn in air, 29.3 pounds

of carbon dioxide are produced. Notice that in solving prob-
lems of this type, units do not ,matter as long as they are
the same. Problems can be solvéa for grams, pounds, tons,

and so forth.
<S>

™

* GRAVIMETRIC ANALYSIS

Much work in the laboratory is directed at determining
composition of materials. It may be necessary to find out
what elements or.compounds are present. Determining what is
in a -material is called qualitative analysis; determining how

much of‘a given substance is present is called quantitative
analysis. However, quantitative analysis is much more diffi- ",

~cult and exacting than this simple description. Gravimetric

-~
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1

analysis,” volumetric anaiysis; and initfumeﬁtal analysis are
three.genéral categories of quamtitative analysis. Volumetric
anal%sxsmis_aﬁmidely used techniqué in which the exact volume
of a reagent required to react w1tb an unknown 1is determ d

by a method known as 'titration.'™ In a later module the stu-
dent will conduct some ,acid-base titrations and consider sev-
epaT”Eechnlques in detail. Instrumental methods of analyéis
are also important. Performing gravimetric analysis is tlmg
corsuming, whereas performing volumetric and instrumental
analyses is relatively fast.. However, 1nstrumenta1 analysis
methods are the least accurate, followed by volumetric and
gravimetric analysis methods. In terms’ of cost of equlpment
needed, gravimetric methods are lowest and 1nstrumental meth-
ods are highest. .Since labor costs are high, initial invest-
ment in instrdments may be justifiable. Many determinations,
such as"phaf of chloride, may be conducted. by all three meth-
ods. In general, the degree of accuracy required determines
the method to be used. A graviwetric énalysis usually in-
volves the following steps:
+ Drying and then accurately welghlng representative

samples of material to be analyzed.

Difsolving samples in a suitable solvept.

Precipitating the constituent in the form of a sub-

stance of known composition by adding a suitable

reagent., ‘ .

Separating e precipitate from liquid by filtration.

Washihg the precipitate to free it of contaminants.

Drying the precipitate to a constant weight.

Calculating percentage of the desired substance from

the welght of the precipitate and sample.

N N

LY -
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As an.iIIQStrafion, consider the determiqation of chlo-
ride, as conducted in Laboratory 2 ofg¢ this module. First of
all, a representative sample‘must be obtained. A represen-
tative sample contains a true cross-section of material be1ng 4
sampled.. (For example, to sample a carload of coal it would
be easier just ito- take a few+-lumps from the top of the car; -
however, the dust and smarﬂer pieces that have 9ett1ed;%9_;he
bottom of the car may‘have a dlfferent chemical composition
from tﬁ/—hard lumps at the top. The offical method for ob-
taining a representative sample of coal involves 34 steps.)
After a representative chloride sample is obtained, it must
be dried since the moisture content can be variable and,
therefore, lead to inaccurate results. Next, after weighing,
the sample must* be dissolved. Deﬁending on compogftion
either waterf7a£ids or bases are used to dissolve the sample.
Chloride samples rezdlly dissolve in water. Next, a reagent .
is added to produce a precipitate of definite composition.
In the chloride determination, silver ion is added to precip-
itate silver.chloride, as follows:

X

Ag* + C17 —=4gCl

-~

This type of equatlon 1s called an ionic equation since only -
ions actually involved 1n the reaction are shown. Nitrate
- or sodium ions, which may also be present, need not be shown
since they are not 1nvolve§§&n the reaction. The precipitate
is separated from the liquid by filtering, ©Often a special
type of filter paper whlch can be butned off in a crucible
can be used. This paper, 'called ashless, does not leave a
. : .
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residue that can be weighed. In q§termination of chloride,

special filtering crucibles must be used since silver chlo-

ride decomposes when heated iy the presence of carbon (filter .

paper). ’

Suppose a chloride sample weighs 0.3230 g and that
0.5230 g of AgCl is recovered. Then the following may be

written:
\- - “ 4
’ s
, X g, 0.5230 g . .
Ag + C1 —>AgCl (balanced)
35.5 ¢ 143.5 g
IS X<& 0.5230 g N
Step 1t 33755 ° T145.5 ¢ ]
143.5 X = 35.5 x 0.5230 ‘ . .
. 35.5 x 0.5230 _ . o~
X = 13375 = 0.129'g of C1
P Cl~ _0.129 -
Step 2: % Cl, ggEZEETE x 100 = grz7zgs X 100 = 40.0

One can now see how calculations based upon balanced chemical
equations are used in gravimetric analysis. Steps 1 and 2 in
the above calculations can be combined to give the equation

used in Laboratory 2:

’ Atomic weight Cl
s €17 = Molecular weight AgCl
° Weight of sample

x wt AgCl x 100

T

-

127 CH-03/Page 33




‘ EXAMPLE F: GRAVIMETRIC ANALYSIS.
] ' : .
Given: . The quantity of 0.6045 g of sulfate gives
T 0.4231 g of BaSOy., « : -
Find: The pertentage of sulfate. *
3\ LN : .
Solution: £.4231 ¢
Bat+ ;\éag‘@ » BaSO, (balanced)
1 . . 233 g .
X g 0.4231 ¢ y .
. 96 g 233 & , R D
N .
. X = 0.4231 X 96 = 0‘174 g Sok-z
. & ‘2’33 9 .
2 504-2 = 8 SOu°* _ 8.174
; SOy g~0f/i3mﬁ1e x 100 0. 6045 * 100
: = 28.8%.

N 0 ¢ * 0 0 3 - ’
In summary, gravimetric analysis is a widely used, accu-
rate'method of- analysis,.although it is time-consuming.

£
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EXERCISES .

1. Work the following problem and express the answer with
' . the correct number of significant figures. A
N,

- 1.23 . ) »
5.043 . .
. a. 2.43
b. 0.2439 ‘
* c. 0,244
d. -0.240 ' F\
2. Express the following number in exponential notation.
e
189,000 . o
; : \
) . N
a. 1.89 x 10° —
b. 1.89 x 10° N
" c. +18.9 x 10°
. "d. 1.89°'x 10°° T,
3. Express the following number in exponential notation.
‘ 0.000453 ' ' .
' a. 4.53 x 10*. ‘
b. 4.53 x 10°°* . _ \
c. -45.3 x 10°
d. 0.453 x 10°°
) |
e
-
. CH-03/Page 35 - .
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Express the following in standard form.

-

4.5639 x 10*

4,563,900 5”.
456%9
0.00045639
456390

the follow1ng numbers and express the answer w1th
correct number of 51gn1f1cant figures.

124.78
©56.2597
12.1

193.1397
193.1

a

b

c. <193.14
d. 193.139

Using the mathematical relationship between the Fahren-

]

heit and Celsius tempergture scales, convert 30°C to

degrees F. >

68° *
49°
86°
303°
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7. An automobile engine has a displacement of 350 cubic .
inches. What is its displacement in liters? (1 c‘? ft
= 28.3 liters,-1728 cu in = 1 cu ft.) . . .
. K «*\\ ] . . .. .
a.s 12.4 . ' . .
b. 2.4 3 ‘ o . .
c. 178% ‘ L - ‘
‘ d:. 5.9:73 L .,
8. Using the following equationy find ho®™ many grams of
hydrogen sulfide will combine with 60 grams of oxygen.
PSRN a 5 . - “ : . . . ' \
. H2S + 0, —H,0 + SO, ' , :
a. 42.5 - . ' ’
b. 63.8 . ’ PR
c. 120 . _ ’
. d. 23.3 T ’
, . . "{, ! ¢
9. . Calculate the -molecular weight of the following compound:
Zntlz g ¢
5 * . ) -
a. 143.5 - - ) (
b. 136.3 )
5 c. 1‘00 - - . . .
d. 94.7 < . 5
3 . ]
’ 4
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10. Calculate the molecular weight the following compound: °
: - < p

o LT Vo AL §S04)s ¢ ¢
sl = = . .
: ’ : - !
a. 384 . - , :
- b. 298 ' ' T N
. c. 368 - "
® . d. 342 ) ,
B h <

11. Calculate the molecular weight of the_fol;dwing compouﬁd:

Jo .
Lo . NaOH
. N / -
a. 23 . . - . \
b. 17 - .
c. 40 = ' \
* d. 34 . o ' y
12. Determine the number of moles of selenium 'in 118.5 grams
of selenium. : - ) Y
& s o L 1
, b. 1.5 . S - ' : E
{ ) c. 3 : :
d. 40 f\\é
13. Calculate the gram;ﬁol cular wéight of sucrose, )
‘ Ci2H2,007. ‘
a. 320 .
b. 45 . ' ‘ .
c. 432 : . ) . *
d. 342 y
\’ y . -
. . - 5.
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14. Calculate the nymber of moles in 210 grams of MgCO;.

A3
e v

.4

15. Calculate the weighp of 0.6 moles of (NH,),CO;.

a. 44.4°

N . . hd

b. 67.6 '
- c. -57.6 \
- d.t 63.4 N , ‘
16.. Balance the following chemiéal equa%ions: i ”

_a. Na*+ H,0 —NaOH + H;

b. K,S0, '*.' Ba(OH)2—+ BaSQ. +'KOH

c. H, + N, —3=NH!

N

-
M LA

"

-

»

Laboratory 1

N
Bunsen burqer

7 test tubes
Test tube rack
Aluminum metal
Copper metal
Lead metal
Magnesium

LABORATORY MATERIALS

- \
Laboratory 2

-«

2-250 ml beakers

‘2 sintered glass crucibles-
2 crucible holdets .

Vacuum tdbing
Vacuum~filter flask

25 ml graduated cylinder
Stirring rod

Rubber policeman oy
Bunsen burner ° ~\

)
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h Laboratory 1 (Continued) ' Laboratorxﬁ 2, {Continued) »
Iron h ' Wire gauze '
6 M HC1 - v Oven . -
> ' I - s :
3 M H2S0. i Weighing paper
& - "3 M NaOH " Wash bottle
-
3 M HNO; . 50 ml beaker
Ring stand
‘ Iron ring
S - Distilled water
o \ Chloride free 6 M HNO;
. 0.2 M AgNO; -
X . .
R Unknown chloride sample
- LABORATORY PROCEDURES - -
R . :
_ LABORATORY 1. REACTIVITY ,OF METALS. '
"In this experiment the student'wigl coﬁpare the reac-
L tivity of seven metals. in three, different acids and in a
. ol
~. -.base. 7 .
- . - LY )
PROCEDURE’ ~ ¢ “ . ,, .o .‘\\& e
— C , . DL L -~ ) - “’ N -
- " Carefully rg;gig/;ﬁi data in Datg Table 1.
e 1. Obtain three small samples’ of each df f%e follow1ng
metals: magnesium, alumlnum, Zinc, irén. tin, lead,
- and copper. If necessary, use sandpaper to produc
a shiny, clean sturface on each piece of metal. 6

. . PR , ) \ .
] .
- » ) ’
- ) = / .
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2. Place about 5 ml og 6 M HCl in seven different test
tubes in a test tube rack. - Add a clean sample of each
'gf the seven fetals ~ one to each test tube." CAUTION!
SOME MAY REACT VIGORQUSLY. ' ‘

that may occur. If there is no immediate reaction;,:

r each addition, watch carefully for an? changes -

‘leave the tube for a.few minutes while going on to the’

next. If there, is no reaction, warm the tube gently

with a Bunsen burner. Record changes in the Data Table

‘ aﬁﬁ writet the equation for the reaction. | .

4. Repeat the procedure Fox 3 M H.SO. and for 3 M NaOH.
Record observations in éhe Data Table. v

5. Obtaiﬁ;d‘sample of each pf‘the.metgls that did not re-

act with the 3 M H.50, above.. Repeat the procedure,
using 3+ M HNOj. ’ '

!

-
.

iA?ORATbRY$2.' GRAVIMEFRIC DETERMINATION OF CHLORIDE
An introduction to gravimetric procedures is,included
:in the discussion”section of this module. This introduction
should.be reviewed priBr to conducting this experimenﬁ. In
a gravimetric determination of chloride-the following steps "
~ are involvEd: . .
Solid chloride unknown is accurateiy weigﬁed.
Chloride ééﬁpie is dissolved.
. ghloridﬁ is precipitgted as solid silver chloride,

~

, which is very insolyble (only 0,.00%9 grams of AgCl

will dissolve in one Iiter of water). . \
: C o Agt + ClT —=— AgCl . o
- P
S . . . y

[N

-




- . . < G
i A Y
8 - ’
" > .
: + Silver chlo;ide solid is separated from the solution
by fiitering. N )
It ) . Precipymate is xpshed and dried.

- Amount of AgCl produced is determin by weighing.

« Percent of chloride in the sample is calculated as
o ‘ # }
- follows: ' N ' .
, ' - i
- Atomic weight Cl ‘
’ - - Molecular weight AgCl X_Wt AgCl
%5 Cl™ = -
. Weight of sample

x 100

Gravimetric determination of chloride is an accurate means
: of analyzing for chloride — jif the experiment is carefully

[y

conducted. - - -

-~

PROCEDURE ) )

°
I«

- . . _ e ,&

Carefully record all data in Data Table 2.
1. Clqu two sintered glass crucibles and place them in an
oven to dry, numbering them 1 and 2. Weigh the crucibles.

(RS ]

. . . .
Clean two 250-ml beakers and rinse them with distilled’..
water. Distilled water must besuéed as a.final rinse

™ for all glassware used .in this experiment, since tap

. *  water contains a small amount of chloride! Number the
. beakers 1 and 2. ]
3. - Obtain an unknown C1° sample from the instructor. This
sample should have begp dried previously for 2" hours at

. lloiF. Accurately (to-four decimal places — 0.0001 g)

" weigh 0.30 to 0435 g samqles and place them in beakers

“~ . number 1.and number 2. ' . .y

» ® . _\
.

_4

o Page 42/CH-03

— i -




- -2

4. Dissolve each of the samples ﬁﬁ/IOO ml of distilled
water. Avoid any splashing.
5. Add 1 ml (about 20 dyops) of Cl  free 6 M HNO; to each
sample. . )
6.  Transfer about 30 ml oX 0.2 M AgNO; solution to a 50-
ml beaker.
7. Heat sample number 1 to about 80°C. Exact temperature
*“is not important — but keep it below boiling. Gradually
* add AgNO; solution to the hot solution while stirring
constantly with a stirring rod. Continue to keep solu-
tion hot until the milky, cloudy solution clears, pro-
ducing a lumpy precipitate. Repeat wigh sample number
2. Do not interchange any of the equipment (such as
the stirring rod) from-one sample to the other.
" 8. Filter precipitate while it is hot. Use filtering appa-
ratus set-up, as shown in Figure 3. Apply suction to
T the flask and pour the liquid that is above the precip-
itate into the crucible (as much as possible). Pour
, liquid down the glass stirring rod (as shown in Figure
3) to prevent splashing. Gently wash precipitate into
, the crucible with distilled water from a wash bottle.
. ‘ Particles remaining on walls of the beaker should be
removed by rubbing gently with a rubber policeman. .
N\ " During the transfer process, enough water is used to
wash precipitate of ions that are.present in solution.

9. Dry the filtering crucibles in an oven at 110°C for
N half an hour.
10. Place the crucibles in a desiccator to cool.
11. Weigh the crucibles. !
3 12. Using Data Table 2, calculate the percentage of chlo-
o - ride in each sample as folloys: N ’

- , &
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\ o : .

\ Figure 3. Experlmental Set-up for
, Filtering Silver Chloride.

Calculate weight of precipitate in ‘each
crucible by subtracting figure (3) from
figure (4). Record this figure (5).

Calculate the percentage of C1~ in each

sample, using the following equation: .

;3
35.5 grams
. Cl- = Grams AgCl (4) x T45.5 grams _ 100
’ Sample weight (1)
' -
Average the % Cl- of the two determinations and
\

.record the answer.
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An example of this calculation is as follows:

Data: 0.3230 g unknown sample
0.5230 ¢ AgCl obtained

05230 x 3332
s Cl = —g3730

40 % C1°

x 100

’ DATA TABLES

DATA TABLE 1. REACTIVITY OF METALS.

Acid Metal Nature of Action Equation for Action

g

S

6 M HC1 | zn ’ ,

Fe ] '
v

Sn- C >
\ . - — .

Pb . - ‘\\..- ) K4

Cu (repeat for 3 M H2SO4, 3 M NaOH,

3 M HNO;) . .
: &
/ ‘ : CH-03/Page 45
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‘ \
DATA TABLE 2. GRAVIMETRIC DETERMINATION OF CHLORIDE.

Sample #1 | Sample #2

Weight 'of sampie (1)

Weight of crucible + precipitate (4)

Weight of crucible (3) ) B

Weight of precipitate (5)

Percent C1~ 1in sample

AQerage perceni C1l- ’/1
(average of sample-#1 and sample #2)

5
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' GLOSSARY

Chemical equation: An expression utilizing formulas of
elements and compounds that describe chemical reactions.

Dimensional analysis: An approach to problem solving -which
makes use of units.

Gram-atomic weight: _( The atomic weight of an element ex-
pressed 1n grams.

" Isotopes: Atoms of the same element which have the same

number of elegtrons and protons but dlfferent numbers
. of neutrons.

Mole: The amount of an element that contains the same num-
ber of atoms (as exactly 12 grams of carbon-12).

Molecular weight: The sum of the atomic weights of all the
atoms shown in the formula of a compound.

Qualitative analysis: The process of determlnlng what 1is

g e R——

¢ 1n a material. iR .

Quantltatlve analysis: The process of determining how much

-

v of a given substance is present in a material.

3

o
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ENERGY TECHNOLOGY
ecut ' CéNSERVATION AND USE

- —CHEMISTRY FOR ENERGY TECHNOLOGY I

% MODULE CH - 04

REFRIGERATION, GASES, AND AIR POLLUTION




A | :

SRR ___ INTRODUCTION

Air conditioning-and refrigeration syst'ems are impor-
tant to the energy technician since approximately 15% of
the energy consumed in homes and businesses is used for
cooling. If heating is added to this figure, the consumption
for space ;onditioning rises to approximately 50%. Thus,
it is easy to see that proper maintenance and control of
these systems are needed to conserve €nergy. /
Refrigeration is the removal of heat from an object or
spazg«//izrefrigeration system may be regarded as a heat
pump that pumps heat from a low-temperature level to a
higher-temperature level. To understand refrigeration, one
must have a thorough understaKZing of heat and its effects.
Heat and energy relationships, called thefmodynapics, wik}

be considered in a later module. .

.

Other considérations important to the undersfiﬁﬁing of
refrigeration are the properties of gases. Refrigeration
systems use gases that are readily liquified when compressed.
Gases have three main variables which describe their behav-
ior: temperature, pressure, and volume. These variables,
as well as other char#cteristics of gases and pressure
measurement, are %onsideréd in this.module.

Also included in this module are examples of major air
pollutants and methods of sampling gases for these pollu-
tangs. ,%uch sampling techniques are useful in monitoring
and controlling gases produc@d in combustion of "fuels.

LN
G .




P\REREQUISITES

- The student should have completed one year of high
school algebra and Modules CH-01, CH-02, and CH-03 of
Chemistry for Energy Technology I. '

OBJECTIVES '

Upon completion of this module, the student should be
able to: .
1. Identify general characteristics of gases, as compared
with solids and liquids.
. . @
Use gas laws to calculate relationships among pressure,,

~o
.

volume, and temperature.
3. Calculate absolute pressure, given the gauge pressure.

[

AN

4. —Define the following terms:

a. Diffusion.
Barometer. | & ‘
STP. o B
Absolute témperature. ¢
ppm. S -
Smag. -
Photochemical. .

00 Hh 0 QA 0O O

Torr.
y i, Refrigeration. —
Alr conditigning.
Absolute pressure.

psig.
Relative humidity.

-

=

_ to.
zgentify important pollut%nts present .in the atmosphere.
. Describe a method of sampling gases.

L4

-~ O wn

List the steps in the cooling cyc¢le of a refrigerator.

'Page 2/CH-04
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8. Identify two types of pressure gauges commonly used in

%the refrigeration industry:

9.% Describe'the determination of relative humidity, using
a psychrometer. . ‘ ‘

. \
- -
w
.
<
?
{ s
¥
. .
o e ERE— < - - - Q.
. N
¥
[ 4
g (4 LA
-
-t " : .
»
i
’ S
N
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5
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. : . SUBJECT MATTER

-

-~
4

REFRIGERATION

Refrigeration is the process of extraction of heat ,

from a substance to lower its temperature .below that of its
surroundin%s. Refrlgeratlon may be accomplished by coollno
with water or ice, b¥ the evaporatlon of a Voiat liquid,
or by the expansion of a compressed gas. Modern-déy refrig-
eration systems depend uan the expansfon of a ¢ompressed
. gas to absorb heat from an object.\ Refrigeration equipment
can be classified in ‘several different ways. ,A>common clas-
.sification divides the field into domestic, commercii%, and
industrial refrloeratlon. :The term "air conditioning' refers
Eo~x§e refrlgeratlon of'‘air for human comfor‘c\n
domestic

— - “Ihe mo&t*commOﬂjpieee~e£-equbpmen5~L<9d
refriéeration is the home refrigerator. - Figure' 1 shows the
refrlgeratlbn-cymle used in a home refrigerator. A gas that
liquifies easily is chosen fog ‘this appllcatlon, usually
"Freon-12" (dxchlorodlfluonpmethane CCI;F}QQ whlch is odor-
less and nontoxic. The gas 1s pressurlzed by means of a
compression pump powered by aﬁ“glectrlc motor. The liquifi-~
cation process causes the gas to _heat up, so it must be_
coaled by means of a *fan. Pressure is suddenliy released
when the gas is allowéd tg expand through & small opeping
(expansion valve). ,?he'fQQufd evapsfages quickly as the
pressure drops. As the liquid.j cogxgziig/ﬁﬁzi‘to a gas,
it must absorb its heat of yépﬂ%:;atiop. This heat 1s drawn
. from the content‘of the refrigerator, making the content
gool. The gas is then removedsfrom the refrigerator box

. and 1is recycled . by being compressed again to a liquid. -

.
*
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EXPANSION VALVE

COMPRESSED GAS\\\\\
uomo\\\\‘

COMPRESSION PUMP
«

| —MOTOR |

A -
COOLING FAN — |

Figure 1. Refrigeration tycle of a Home Refrigerator.

- T Large installations use water instead of fans to cool
the gas. For this application, these '"cooling towers,"
. .which‘allow water to run over the pipes containing the gas,
are more effective than using air.

L] - >

-

CHARACTERISTIbS Of GAS
The relationships amgng pressure, volume, and tem-

' perature are important in fhe.refrigefation process. These
relationships-and other characteristics of gases will now

be considered. P .o ~

» Matter can bé classified as‘solid; liquid, or-gas. The

molecules that make up these physical.states of matter cgn-
tain diffefent physical properties. Figure 2 illgstrates

N .

- .
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6 and Table 1 summarizes—tife following characteristics of

matter:

4]

s

. Solids have definite shape and volume, and they .are

) TABLE 1. PHYSICAL PROPERTIES OF SOLIDS, LIQUIDS, AND GASES.

only slightly, compressible due to their tightly packed

and adhering\molecules.

Liquids-take the shape of their container, have

a definite volume, Qgéfare slightly coppressible

due to the mobility of their molecules.

Gases expand to fill the shape of their container,

and they have an indefinite volume and high com-

pressibiiity due to the independence and relative

distance between molecules.

. -
| | %, o o [of
: ® : ) io o o, o
l I’ 10‘ ° ° o ©
” ! : ° F: c: ° o °
I . o |° o ° L
1 i 17 o 8 =]
N = o} o c? q
l %’ (,-o-' Eo P D ’
> _ s 3 &= c o . o |0
"L_ 72 i i S = :y E — --.."Q_o._. —r. .
. soLIp LIQUID GAS

-

Figqre 2. States of Matter.-

-

tompressibalty

Ll state Shape Volume Particics
Selid befinite Definite Closcly adhering, tightly packed Aery slight
Liquid § indefinite Definite Mobile, adhering Shight
Gas | Indefinite | Indefinitc {llobile, xndcpcndcnt: rclatively ‘Ui gh
v | far apart
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.. solids and liquids are practically 1ncompre551b1e.\ Gases

‘closed container. Two tyPes of pressure gauges are commonly

‘water or mercury., When in pse, on

e »
o o\

3 e ‘ - =~

Gas characteristics which differ from those of solids
and liquids aréxcohpressibility, expansibility, and diffusi-
bility. Gas in a container with a pistom or cylinder (as ,
in an automobblé/;nglne) may be compressed readlly, however,

also expand rapidly to fill an evacuated container; solids
and liquids do not. For an example of gas diffusion, con-
sider the followiné?x If a bottle containing mercaptain -

(skunk o0il) is opened, the odor spreads rapidlyfas the mer-

captain vaporizes, and the gas moves (diffuses) through the
!

-

air to reach all corners of the room.
~N

PRESSURE

> .

Thq,moleculés’of a gas are in, constant motion, movimg
in a straight line until they collide with_ other molecules e
or thé walls of the container. -The collisions with the
walls of the container cause or exert pressure. Measurement
of pressure is importént in_the refrigeration industry.
Pressure gauges are used to measure gas préssure inside a '’

used in the refrlgeratlon 1ndustry (1) manometer and (2)
bourdon gauge.
.The manometer type gauge uses a column of\liquid to

measure prgssure; the height of the liquid indjcates the )
magnitude of the pressure. Mercury and wat are the liquids
usually used in industry. A mangmeter is a simple U:shéped
glass tube that iilopen at both en%s and partially fil;ed with
side of the tube is con-
nected to the vessel for which the pressure is to be measured.

B Q *

LY
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The vessel pressure thgt isjg:ting on one leg of the tubg

opposed by the atmospheric pressure being exerthEpn the <:f/ ,
open leg of the tube.. The difference in the heights of the
two liquid columns is a- measure of the difference in pressure .
between the pressure of the gas in the container and the
pressure of the atmosphere. Figure 3 shows a maﬁgmeter with
a vessel pressure exceeding the anmgspheric pressure by 4
inches of mercury.

} . : . N .

| VESSEL

Floure 3. Simple
We%curv Manometer.

Pressures below atmosphdric are usually called yacuum ‘
pressures; these may also be:de%e(mlped with a manometer. BT
Water manometer$ are especially useful for measuring small
pressure{’ Atmospheric pressﬁre,,which will support a col-
umn of mercary 29.921 inches high, will 11ft/a/iolumn of
water to a distance of about 34°feet. A pressure of only
0.036 pounds, per sqﬁére inch'is enough to support a column
of  wate nch Bigh. Thus, @ water manometer is much more
ccurate for measuring small pressures than is a mercury > -
’manometer ,'. '

L Because of the excessive length of the tube required,

manometer type gauggs aré not practical for measuring pres- »

e S

sures above 15 pounds per square ‘nch (psi).  Manometers- are

n




. normally used foj measuringﬁzelatively sma&lﬁpressures such
. as those found in air ducts. Bourdoh type gauges are widely
used to measure the higher pressures encountered in other
refrigeration work. The bourdon{tube is a curved metallic
‘f\T\ - tuberwhich, tends to straighten as pressure in the tube in-
'/ " creases and to curl tighter as pressure decreases. The
movement of the tube is tr§nsmh£med to a pointer to indicate
the magnitude of préssuye. A typical bburdon‘type gauge 1is
shown in Figure 4. These gauges are‘rggged and will measure
LT pressures either above or below atmospheric pressure; and
‘ they are called pressure gauges or vacuum gauges, depending

upon what they are designed to measure. . ,\\\\

N

‘a

1o

Figure 4. Bourdon Gauge.

———

, ‘The actual or tgue pressure of a gas is called the
Lo .
. absolute pressure, whereas gauge pressure.is the pressure

indicated by a gauge. Gauge preésu%@s are indicated in

units of pounds per square inch gauge (psig). When gas a
pressdre is greater than atmospheric pressure, the absolute .
pressure is obtained by adding atmospheric pressure to gauge
pressure. When gas pressure is less than atmospheric, the
absolute pressure:is obtained. by Jubtlactlng gauge pressure

- from atmospheric pressure.
. . &

_ J e
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EXAMPLE A: ABSOLUTE PRESSURE. -

+ 14.7 atmospheric pressure, in psi
124.7 absolute pres§ure of refrigerant.

In addition to psi, pressure can Qe reported in length:
millimeter (mm) and centimeter (cm). A unit called atmo-
sphere (atm).is used for reporting high pressures. The term
"torr" i$§ also used in place of mm. -The relationship of
these units for atmospheric pressure is shown below:

-

14.7 psi = 76 cm = 760 mm = 760 torr = 1 atm 29.92 in

v
b

Atmospheric pressure is commonly measured with a mercury
barometer. Flgure 5 shows tpo types of mercury barometers.
Figure 5a is a_51mple barometer that can be made with the
apparatus shown, and Figure 5b is a typical laboratory

barometer.

g . : CH-04/Page 11
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Given: A pressure gauge on a refrigerant condenser
reads 110 psi. ’

Find:  The absolute pressure of the refrigerant in the
condenser.

Solutiéh’:s 110.0 gauge pressure, in psi R ——n'w~;;m~~




) ‘ .
1
i
‘~ '
. |
\
E\ «
i ‘j TICK \ ADJUSTABLE *
:"gETEB S_ . VERNIER SCALE — 1
< v
B SCALE ON : |®
BAROMETER
TOP OF MERCURY | ;
o ~ % ABOUT 780mm . 1~
OR30 in. . A A 1M
g | A - H
— S ) : IVORY PEG 5 o
f-La‘._,'\- ¢ ] ZERO POINT
el
bR FLEXIBLE BOTTOM
v VLUl veRcuRY ADJUSTED BY
- . THUMB-SCREW
2. Simpie Barometer b, Laboratory Barometer
Figure 5. Mercury Barometers. .
N . : . ’ I
PRESSURE-VOLUME RELATIONSHIP

i il .

In 1660, Robert Boyle established the fact that the .
product of the pressure and the volume of a fixed quantity
of gas 1s constant at a given temperature. The volume of
éas decreases as the pressure increases, of the gas expands

as pressure decreases. Boyle's law states the following:
[

If the temperature remains constant, the volume .of a given
mass of gas is inversely proportional to the pressure; that

is, as pressure increases, volume decreases, and as pressure
‘ Loty
decreases, volumé increases.

. . %
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This reldtionship is illustrated in Figure 6. The
cylinder on the left (Figure 6a) shows the volume of gas
under the pressure of 1 atm as being 6 liters. When the
pressure increases to 2 atEL(

"

‘doubles) in the center diagram,
the volume of gas decreases to 3 liters (halves). In the

1 1 ATM 2 ATM 3 ATM .
1 ° r 9 ' r N
A - ) ¥  TEMPERATURE CONSTANT
: @ [
N & s
w S .
E o, i
E 4l
8 UTERS A A i g
. N . X1 2
> [ .i -, Tt ﬂ ﬂ 2
B .2 >
: 3 LITERS o
f - 2- LITERS >y ~
- ; x J 4 [J_ [ [

' 2 4 6 8 1012

TEMPERATURE CONSTANT PRESSURE. ATMOSPHERES

a. Pressure-Volume Relationship b. Pressure-Volume Graph

Figure 6. -Relationship of Pressure to Volume -
. Boyle's Law.

>
~

cylinder on the right of Figure 6a, the pressure increases
further to 3 atm, and the volume decrea;es to 2 litcss.

This type of relationship — a proportional decrease in a
quantity as thre is an increase in another quantity - 1is
called an inverse relationship. Figure 6b is a graph that
indicates the pressure-volume relatiofship of a gas. Accoyd-

ing to Boyle's law, the volume can be determined if the gres-. .
R sure is changed but the temperature remains constant. f )

V; equals the volume at a pressure'P;, and V, equals the

. ‘ L ]
CH-04/Page 13




volume at some other pressure P, then V, can be determined
as follows:

v

av}
<
N

= = = Equation 1

avl
N
<

-

where:

P, = Pressure 1.
P, = Pressure.2.
Vy = Volume 1.

. V, = Volume 2.

L

EXAMPLE B: _ PRESSURE-VOLUME RELATIONSHIP. -

Given: A quantity of gas has a volume of 93 ml.when
the pressure is 640 mm.
Find: The volume whepn the pressure has increased to
" 8§20 mm, with the temperature remaining constaat.

Py = 640 mm Vi = 93 ml T S
P, = 820 mnm V, = ? ‘
Solutionrs BL . Ve .

— P, Vi . '
640 mm _ V,
8§20 mm 93 mI *

V, = 640 mm x 93 ml
- 2 820 mm
’ V, = 72.6 ml.

Page 14/CH-04 ' ¢
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In this type of problem, any units of pressure or volume
may be used as long as both pressuré units and volume units
are the same. For example, pressuré can be measured in psi,
torr, mm, cm, or atm; and volume can be measured in quarts,
liters, or milliliters. Boyle's law is a mathematical ex-

pression of a common experience with gases: Pressure added
to a gas compresses it. '

VOLUME -TEMPERATURE RELATIONSHIP

The volume-temperature relationéhips given by Charles'
'law state the following: The volume of a gas varies, directly
as the absolute temperature, provided the pressure remains
coﬂgfant (Equation 2). ‘ ' .

-

T, . ’

a %ﬁ =T, Equation 2
where: ’ '\ ST ' - o ~
V; = Volume 1. ° ' )
V. = Volume 2.
T, = Temperature 1. R
T, = Temperature 2. . « .

13

The temperature must ‘be absolute temperature. Absolute
temperature is obtained by adding 273° to the Celsium tem-

perature, as follows:

N
Y

°K = °C + 273 -\

1

CH-04/Page 15
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L
where:
Kelvin.

Celsius.,

comparison of the Celsius (Centigrade) and absolute
(K¢flvin) temperature scales is given in Figure 7. The
— boiling point of water is 100°C, or 373°K; 0°C is 273°K;
y-273°C is 0°K; and so forth. ~ '

CELSIUS KELVIN .
M _100

[

- 373
1 BOILING POINT _1}
i~ OF WATER

H  FREEZING POINT
10 OF WATER 273 —

°

Figuré 7. Comparison
of Celsius and Kelvin
Temperature Scales.

BOILING POINT
HH—-183 OF OXYGEN 90 —;

H
-4
.
-4
9
-
14
-
:
s
H
4
M
H

N

27

3 .
.ABSOLUTE ZERO

m—

‘Charles' law is illustrated in Figure 8 as follows:
A liter of.gas at 100°K is heated to 200°K (double the tem-
perature), and the golume increases to 2 liters (doublEs).
When the temperatufe is tripled, the volume triples. Charles'
law is a mathematical expression of the faéts that (1) gases
expand when heated and (2) volume can be determined if the

temperature is changed’but the pressure remains constant.

Page 16/CH-04




100°K ~ ¢200°K
-173°Cc . ~-78°C

A
u.

i 2 LITERS
¥ ! K 0 .100 200 300

1 LTER , : C -273 -173  -73  +27
, PRESSURE CONSTANT \\\\
) \ ) ' ) '
+ Figure 8. Relationship of Volume to Temperature —
‘ Charles' Law. .

VOLUME, LITERS

3 LITERS

EXAMPLE C: VOLUME-TEgPERATURé‘RELATIONSHIP.

Given: A quant;ﬁx of helium measures 100 liters at a
temperaturé of 27°C. .
Find: The volume at 100°C, assuming the pressure
remains constant. '
Vi o= 100 liters t)
100°C

Solution:

_ 100 liters x 373°K
_ 7 500°K
124 liters.’

a -
)
. .

154
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Example C. Continued.

In this example, as the temperature is increased, the
volume increases from 100 liters to 124 liters+ The volume
may be in any unit as long as both uﬁits are the samey but
the temperature must be eﬁpressed in degrees Kelvin. ‘

. )

b)

_STANDARD TEMPERATURE AND PRESSURE - .

Because gases have an indefinite volume that varies
with temperature and pressure, they must be measured and
corrected to stanqafd conditions of temperature-~and pres-
sure (STP) for comparison purposes. Standard temperature
is 0° centigrade, br 273° é%solute; standard pressure is N

760 milligrams (1 "atm) of mercury. -

EN

PRESSUREJTEMPERATURE RELATIONSHIP

L9 .
In the eighfeenth century, the French chemist, Gay-

Lussac, discovered a pressure-temperature relatL@nship'with

. volurie of a fixed weight of gas is kept constant, the pres-

gases. ~Gay-Lussac's law is stated as follows: When the

1w

sure of the gas will vary directly with the absolute tem- °
perature. The mathematical form of this law is shown in
Equation 3 and illuStrated in Example D._

\
.t ‘ \

\

\
P, " T, * Equation 3

*
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EXAMPLE D: PRESSURE-TEMPERATURE RELATIONSHIP.

Given: A set of automobile tires charged with 30 psi
of air pressure when' the temperature of the

tires is 23°C. Later, the car is drive at

high speeds on a hot”day, and-the temberaturq-
of the tires climbs to 43°C. . - ' '

-

N

Find: The pressure of the tires, assuming no increase
in volume.' ‘
. P, = 30 psi t, ¥ 32°C
t; = 43°C P, i 2 ¢
T, = 23° + 273° = 296°°
T, = 43° + 273° = 316°
Solution: P, . T, .
Pz Tz . ' ’
30 psi _ 296° -
P, psi 3167 ' '
an . \“P - 30 psi x 316°
- 2 - 296°
P, = 32 psi.
N ,

‘In this example, the pressure 1s shown to increase
from 30 to 32 psi as the temperature increases. Any pres-

“fsure unit may be used, but. the -temperature must-be degrees
Kelvin. ' ' ’

v

Y

3 ’ N
. .

b

'

. THE COMBINED FORMULA \\k

To this point, this module has introduced the pressure-
volume relationship of B#yle's law, tlie volume-temperature
relationship of Charles' law, and the pressure-temperature

relationship of Gay-:Lussac's law. Simultadeous corrections
b) .

- . A
>
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a ] 3
g
) . / for ,temperature and pressure may be carried out in one

mathematical operation by combining these,aws into a sin-

gle equation, as shown in Equation 4.

- \-‘/
1 PlVl - szz . 7
: . A v — Tl T2 — - E_?‘u_atl,o,nfil S )
" The combined formula applies to a given weight of gas .

when all three factors_-— pressure, volume,'and temperature —
= ) . change. When any five factors in the preceding equation

are known, the sixth can be calculated.

‘

. g - SR
° EXAMPLE E: DETERMINATION OF VOLUME - COMBINED FORMULA!

Given: A gas that occupies 1000 ml at 30°C and 730 mh,
s pressure.
. Find: - The volume that this same amount of gas would
. occupy at STP. )
' A
; . Pro= 750 mm : Vy, = 1000 ml .
. 13 L J
——— -~ F Ty = 30° + 273° = 3053° .
A ’.,’ [ i
P, = 760 mm vV, =7 s s
Tow= 0°.+ 273° = 275° Z/
Solution: A PhV, _ P,V - -
T1 ) Tz .
. 750 mm x 1000 ml _ 760 mm X V%
Lo _ 303° 273° .
: , - v, = 730 x 1000 ml x 275° "
: X 2 760 mm X 303° , \ :
- \ - .V, = 866 ml. = .
i -~ y ) ‘ ’ ’
¢ e
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- IDEAL-GAS LAW ' . }

The ideal-gas law is called the 'equation of stateikz
for gases; it relates pressure, volume, temperature, molec-
_ular weight, and weight of gas in the following equation: g

PV = %%} : -~ - '\ Equation '3

;
Pressure, in atmosphere.

Volume, in liters.
-Absolute temperature.
wéight of gas, in grams.

Molecular weight of the gas, in grams. =

- Gas constant equal to 0.082 liter (atm per degree
per mole). ' I

When any four variables in Equation 5 are Kknown, the
_fifth can be calculated.

&~

EXAMPLE F: DETERMINATION OF PRESSURE — IDEAL-GAS LAW.

Given: Sixty-four grams of oxygen contained in.a one-

/7 7\ liter container at 0°C. 3

Find:  pressure in atmospher.

-




Example F. Continued. . N

Solution: PV = %ﬁf . / .

64 x 0.082 x 273 '
: 32 x 1 !
44.8 atm. ) v

.

4

/S s

DALTON'S LAW OF PARTIAL PRESSURE———— ———====ss =—mn = o N

Vv

—_
]

/
John Dalton is responsible for a law concerning mixed
gases, or an "ideal-gas' mixture, which is stated as follows:
The pressure which a given gas exerts in a mixture' i1s in-

dependizﬁ of the other gases present. The total pressurg/}n;«/’
; a gaseolMs mixture is™Ehe sum of the partial pressures of the

7

individual gases (Equation 6).

?

‘ . ' ' 'P'Total = P1 + P, +rp3 +... ) Equatoion 6

, —~
where: - .

L] ‘s ~

P,, P2, Py, ... = The pressures of the individual ‘.
. ’ " gases. - ‘ - ‘
“ﬂa ) CN Applicatio%s'of Dalton's. law are .important in air con-
‘ditioniné, espeéially in connection with humidity. Moisture
content (humidity) of air is closely connected to the level
p: of comfort. In. the deser§,1w1ere humidity is low, relatively
o high temperatures can be t?}éiated;_yéé, a mild temperature, \

5 such as 8Q°F, can be uncomfortable when the humidity is high.,

Proper control of humidity in both heating and cooling systems

can drastically ‘reduce energy requirements.

»

L . - . ’z -
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It has been determined experimentall} that "the absolute -
pressure of water vapor over water (when it is.in a closed
container at a temperature of 60°F) is_ 0. ’6 psi. According
to Dalton s law, the air pressure would e 14.44 psi. If
this air pressure figufte were added to the 0. ’o psi ggpé to
the vapor pressure of water), the total pressure or atmo-
spherlc pressure, would be 14.70. If the air were nbt s
""""" - satnratedMWTth*water~vaporm&ﬁdnthe—vapormpressure were mea- = ¥

sured (for example, 0.13 psi), the air would be said to be,

~

ny ‘

50% saturated, or to have a- relatlve humidity of 50%. ‘Rela-

tive humidity 1s defined as "the Iatlo of the weloht of .

water vapor in air compared 4ith the weight Of *water vapor a .
- >

that would saturate the air.'" Relative humidity is tempera-
A - [
/

ture dependént. ’

L)

" Tae.. ,MOSt commg method of determinino the reTative '~
numldlty:of alrffsfio use a psvchrometer Thé psychrome{er
consists, of two the mometersb one with a wet w over the - >
bulb (called the wet bulb) and one a bare bulb (cifed the . .
dry bulb).x The difference between the dry bulh and wet bul @
temperatures is called the wet bulb depression. In saturlted

air, there 1s no evaporatlon from the wet bulb (no <ooling ‘

\
eggget) and, therefore,-no wet bulb depression. The drier o
fhe air is, the greater the evaporation_and wet bulb depres-

-

y ,
‘) .. sion are. Tables, are available which relate the wet bulb

depression .to relative humidity. . - . C.
o : 7/ , » - ‘ .
4 ) -
"GRAHAM'S LAW OF GASEJUS DIFFUSION y / ,
« - L 2

Diffusion is the -movement of a gas through another gas
or through a porous barrier. Graham's law states that the
dates of diffusion of gases dre inversely proportional to

9 led
~, .

' 4
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the square roots of their molecular weights (or den51t1es),

as shown in Equation 7.t

i

where:
Ty
T
MW,
sz

3

Equation 7

"Rate of diffusion of Gas 1.

Rate of diffusion of "Gas 2.
Molecule weight of Gas 1.
Molecule weight of Gas 2.

EXAMPLE G: DETERMINATION OF DIFFUSION RATES -

GRAHAM'S LAW.

In the development of the atomic bomb, it was
necesséry’to separate the low- abundant uranium
isotope %2°U (0.7% ) from the more abundant

2383 £99.3%). This was done by converting the
uranium into,a volatile compound, UF¢ 4 uranium
hexafluoride), which boils at 56°C. The gaseous
UFe¢ was allowed to diffuse from one chamber into

a second through porous barrier. According‘
to Graham's law,

he gas initially appearing in
the second chamber should be slightly enriched
in the lighter molecule. The diffu;ion process
was repeated thousands of tiﬁes, leading to an
almost»bomplete separation of the two isotopes

of uranium.

)
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*Example G. Continued.

— ——

Find: The relative diffusion rates of the uranium
hexafluoride molecules.

Solution: 1 ¢[7EW;__—
T, MW, .

rz3s isotope - V/ MW;,35 isotope
T35 1sotope .V MW,;s 1sotope

.- [ 352
NT V339
1.0043.

Tr =

14
The lighter *®°U 1sotope diffuses 1.0043 times faster

than the ?°%U isotope. Hydrogen, the lightest of all gases, -
diffuses much faster than all other gases; for example, it '
diffuses four times faster than oxygen.

.

KINETIC THEORY OF GASES

This* module has covered several -characteristics and
léws which apply to gases. Because molecules cannot be
seen, however, the kinetic theory of gases must be relied
upon to explain the behavior of gases. The elements of
this theory are as follows:

1. Gases are composed of small particles called molecules.
.Molecules are far apart; that 1s, the space between
molecules is much greater than the size'of the mole-
cules themselves. This means that the total volume
"of all the moleculds in a containe¥ is negligible com-
" pared to the volume of the container itself.

CH-04/Page 25




3. Molecules are in constant, rapid motion. It has been
calculated that hydrogen gas molecules travel at a
speed of about one mile per second between collisions.

4. Molecules move in a stralght line unt1§ they collide

with another gas molecule or the walls of the container.

(93]

Collisions of molecules are perfectly elastic; that is,
molecules‘rebound with the same total energy they pbs-
sessed before collision The energy lost by one mole-
cule-in a collision is gained by the other molecule.
6. The attractive forces between molecules are very small.
There is a %ide range of speeds in any collision of
gas molecules, and increasing the temperature increases
the average speed.
8. The kinetic energy is the same for all gases at a given
temperature. Kinetic energy (KE) is given as follows:

,

] KE = 1/2 mv? Equation-$

where:
m =Mass of molecules. ~ -
v = Velocity of molecules.

Since kinetic energy must be thexggme for all gases,
Equation 8 shows that small molecules must move faster

L& .
than large molecules. : , - -

The kinetic theory of gases explains much of what is
known about gases, such as the following: .
E?pansibility: Molecdles are in rapid motion and move
until they collide with each other or
the sides of the cohtainer. Molecules
. expand to fill the container.

Page 26/CH-04
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- Compressibility: There are large distances between
. molecules. During compression, the

molecules of a gas are pressed closer
together.

- Gas Pressure: Energy imparted by the bombardment

bf molecules against the walls of a

container causes pressure. As the

temperature increases, 'the molecules

move faster; this «causes even more

molecules to collide with the walls,

thereby fesulting in a greater in-

crease in pressure.

+ Dalton's Law: A law that is explained by the theory
that molecules of one gas, while in
a mixture of gases, will bombard the
walls of the container just as fre-
quently in the presence of other gas
molecules as in their absence. There-
fore, the total pressure of a mixture
of gases will be the sum of -the pres-
sures of the individual gases.

», DEVIATIONS FROM THE GAS LAWS

¢ Q

The‘gas laws studied thus far in this module ar;‘appli-
cable for many»gaseé at lower pressures and moderate-to-high
temperafures.- At high pressurésband at temperatures close to
the liquifying point (low temperatures) the attractive forges
between the molecules become large ‘endbugh ‘that the laws are
not applicgble.
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According to Boyle's law, for example, 2 liters of ¢
bxygen at ordinary temperatures, under a pressure of 1 atm,
would be expected to occupy 1 liter at 2 atm pressure, if
the température remains the same. However, the actual volume
is 0.9991 liter at 2 atm, since the attractive forces cause
the volume to be slightly lower than predicted by Boyle's
law. ]

At high pressures,'the volume of thg molecules them-
selves becomes signiricant as the molecules are compressed
so closely that the spaces between them disappear. For’
example, if 200 liters of nitrogen gas at 1 atm pressure
are put under a pressure of 200 atm, the volume should be-
come 1 liter, according to Boyle's law. In this instance,
however, the volume actually becomes 1.039 liters at this

. given pressure. Although some formulas have been developed
which take into consideration the attractive forces between
molecules and the actual sizes of the molecules themselves,
it can be remembered that most laboratory work is conducted
at 1 atm pressure and that the gas laws are reasonably accu-
rate wifhout modification. However, the student should
understand that gases — as they normally occur in the re-
frigeraiion cycle — are close to the saturation point and,
therefore, do not £61low the ideal gas laws exactly. In
working with vapors in refrigeration, it is necessary to
‘'use values which have been predetermined experimentally and
are tabulated in saturated and superheated vapor tables.
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AIR POLLUTION

An air pollutant can be defined as "a substance added

>. to the atmosphexe in such quantities as to adversely affect
humans, animal§§§vegetation, or material.'" Much pollution

is of 'natural' origin, such as particles from dust storms,
gases from marshes, and ash and sulfur oxides from volcanoes
and forest fires. Normally, the air is purified through
mechanisms such as falling rain; however, even clean air
contains many gases which, in larger concentrations, would’
be considered pollutants. Some of these gases — carbon
dioxide, carbon monoxide, nitrous oxide, .ozone, mitrogen
dioxide, and sulfur dioxide — will be discussed later in
the module. ‘ ’

The atmosphere is a mixture of an estimated 5500 tril-
lion tons of gases. Approximately 99% of this total mass.
is below an altitude .of 19 miles. The region containing
most of the oxygen and moisture, called the tfoposphere, T
extends to an altitude of seven miles. Pollutants litter
this area in vertical and horizontal layers, and the action
of sunligh% on these pollutants causes frequent chemical
reactions in the afmosphere:\

The Environmental Protection Agency has estimated that
the cost of pollution to the United Stateg is §$25 billion
each year. This is an average of §100 for each person living
in this country. Although long-range effects of air pollu- .
tion on materials and on the health of plants, animals, and
humans are not fully known, some indications can be cited by

offering the following two examples: (1) The rate of lung

cancer in large metropolitan areas is twice as great as the
‘rate i: rural areas, and (2) the giant Ponderosa pine 1is -

. dying from pollution coming from the Los Angeles basin more
than 100 ﬁiles away.
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SOURCES OF AIR POLLUTION , .

Pl
- o~

-, t

-}he major sources of air pollutants from man-controlled
processes are automobiles, industry, and electric power
plants. The major natural sources of ailr pollutants are
volcanic action, forest fires, and dust storms. Table 2
shows sources and quantitie; of air pollutants that exist
in the United States. '

“+

TABLE 2. SOURCES OF AIR POLLUTANTS IN THE UNITED STATES
- (1970, millions of tons).

Carbon Sulfur llydro- {Nitrogen | Partic- Y oof
Monoxide | Oxides Jearbons Oxides ulutes fotal ] lotal
Transportation 111.0 1o} 19.5 11.7 0.8 1410 ] s
Fuel combustion
for electricity A
and heat 0.8 26.4 0.6 10.0 0.7 44,5 17
Indust ry 11.4 6.4 5.5 0.2 15.%, 30.8 1t
Solid Waste . . * .
- Disposal 7.2 0.1 2.0 0.4 1.4 1.1 l
. e t
Miscellaneous 18.3 0.2 1.3 0.5, 4.0 0.3 111
148.7 3401 34.9 22.8¢ 20.2 200.7 Fioo.

-
-

The major pollutaQt source, transportation, causes
144 .million tons of pollutants to be emitted into the atmo-
sphere each year. The automobile accounts for 95% of this
total. In fact, the automobile causes more than 50% of the
total pollution in the United States.

»
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PARTICULATES

Not all air pollutants are in the gaseous state. Small,
solid particles and liquid droplets, called particulates,

also are present in the air. These pa;ticulates can posé‘
serious pollution problems. For instance, a wide range of
chemical compositions found in the emissions (fly ash) of
coal-burning units consist of carbon (principally) and com-
pounds of iron, magnesium, calcium, aluminum, sulfur, sili*
con, phosphorous, potassium, and sodium. _ ‘

: Table 2 shows that more than 26 million tons of partic-
ulates enter the air in the United States each year. These
particles present an additional danger in that they posses’s
a large surface area that absorbs moisture and toxic gas,
providing aiggaction site for a variety of chemical reac-
tions. Sulfur dioxide, nitrogen oxides, hydrocarbons, and
carbon monoxide&do their greatest damage when cqncantratéd

- * on the surface of particulates. .

Particles are removed naturally from the atmosphere by
gravitational settling and through absorption by rain and
snow. Industrial emissions can be prevented from eﬁtering
' the atmosphere by means of filtration, centrifugal separa- - :
tion, spraying, electrostati¢ precipitation, and ultrasonic
vibration. Electrostatic precipitators, which are better

than 98% effective in removing particulates from exhaust
'. gases, use high voltage (about 50,000 volts) to attract
particulates. The basis of this lies in the fact that par-
ticles that are moving through a region of high electrostatic
potential tend to become charged electrically and to become
”\\\ atprae{ed‘;hen to an oppositely charged area where they pan_
be collected. The precipitated solid falls to the bottom

of~J e collector and can be removed. A typical electrostatic

-

precipitator is illuStrated in Figure 9.
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COLLECTED sSOLIDS

) Figure 9. Electrostatic¢ Precipitator.
' ;

The following is a description of other methods used
in removing contaminants: (1) Wet scrubber devices assist
in removing solid, liquid, and gaseous contaminants by spray-
ing water into the gas stream; (2) glass fiber, or silicon
treated textile bags, are used to filter hot exhaust gas®s;
Cé)‘filtration uses felts, wool, acrylicsg nylon, and cotton
for cold air streams;‘ (4) centrifugal separators whirl gases
apd sling particles against a wall where they collect for
removal; and (5) ultrasonic devices produice vibrations which °
cause increased collisions of particles and allow them to
adhere to one another and form large particles that settle
out of an air stream by gravity.

' 17y S




SMOG B , >

. Smog, a poisonous mixture of smcke, fog, air, and other
chemicals, was first referred to in a 1911 report on the
London air disaster as the cause of 1150 deaths.

Two general types of sm9§ have been identified as fol-
low§: (1). The London type, which results from the combus-
tion of coal, and (2) the chemically oxidizing type, which
is typ%cal of Los Angeles. The London type of smog contains
sul fur dioxide that is m1V§d¥N1th soot, fly ash, smoke, and
partially oxidized organle\chemlcals Although this type
of smog has “been’ decrea51ng\1n seriousness, the increased
burning of coal (espectall?jihe high sulfur-contaminating .

kind) has caused it jto become a potentially serious problem

again. , The segond type of smog, called photochemical smog
because of the importance of §unlight in the photochemical
process of its formation, has vefy little sulfur dioxide;
but it contains large amounts of ozone, nitrogen oxides,
and hydrocarbons.,

Geographical and weather conditions are important to
the formation of smog. For example, a.period of/w1ndless-
ness allows pollutants to collect and smog generatlon to
accelérate. Mountains‘'also hlnder the horngntal movement

of air and cause smoc generation.
. ﬁ\‘
SULFUR OXIDES ) '

The combustion of any sul fur- conFalnlnc material w1ll
produce sulfur dioxides according to the follow1ng reaction:

/ »
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.S + 0, — 50 ) )

&
Mosﬁ!?ulfur dioxide in the atmosphere comes from sulfur-

containing coal, o0il burned in electrical-power generating
plants, and smelting plants treating metal sulfide ores.
- The average sulfur content of coal in the United States is
about 2%, although most coal has either less than 1% or more
than 3% sulfur. Sulfur dioxide can be oxidized in the air
to SO;; and this can combine then with moisture to form sul-
furic acid, as follows:

S0; + H;0 ——=H,S0, ¢ /

The oxides of sulfur, along with sulfuric acid, are
responsible for costly corrosion of metals, vegetation
damage, and respiratory problems in animals and humans.
Two-thirds of the sulfur-oxide pollution is from natural
sources such as volcanoes. This natural ﬁollutioﬂ'causes
few problems since it is so widespread. The majority of
volcanic action occurs in the South Pacific, thch is sparse-
ly populated. )

In contrast, man-madg pollution through sulfur oxides
ia\highly concentrated in the industrial areas of the world.
For example, moré than 50% 'of the SO production in the

. United States occurs in only the following seven states’:

New York, Pennsxﬂyania, Michigan, Illinois, Indiana, Ohio,
and Kentucky. As shown in Table 2, three-fogrths of the
total sulfur dioxide emitted (26.{ million tons) 1is emitted
during fuel combustion for producing electricity and heat.

-
3

~
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NITROGEN OXIDES »

Of the eight nitrogen oxides present in the atmosphere,
dinitrogen oxide (N:4) and nitrogen dioxide (NO:).are_ the
most important. In combustion processes, the nitrogen in

_air combines with oxygen to form nitrogen oxide:
L4

N, 02 heat ———)"‘2 NO

Nitrogen oxide is formed in a similar manner during
., electrical storms. In the atmosphere, NO reacts with atmo-
spheric oxygen to produce nitrogen dioxide:
< ' }
Ve

A .

2'NO + 0 — 2 NO:

e -

. .
Smog formation is initiated by the photochemical §ecom-

position of nitrogen dioxide:

- > N0, — N0 + O

\‘ —_—— o

v

The oxygen that atoms produce can react with oxygen

to produce ozone, a major component of photochemical smog:

i

i 0 + 0, — 03 )
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Ozone molecule$ are reactive and can attack hydtocarbon
molecules to produce formaldehyde acrolein, and organic
nitrates. These compounds produce the eye. 1rr1tat10n asso-

ciated with photochemlgﬁl smog. .

[}

CARBON MONOXIDE .
- ‘ -
The most abundant and widely distributed air pollutant,
carbon ménoxide is produced by the combustion of carbon- .
. containing compounds in an insufficient amount of oxygen.
The principal source onEarbon monoxide is the combustion
of fuels-in automobiles. Oc¢tane, a major component of gas-
oline, produces carbon dioxide and water when burned wltm
sufficient amounts of oxygen: £a

v

-~

) ‘ 2 CgHys + 25 0 —> 16 CO, + 18 H,0

However, if the fuel mixture is too '"rich" (contains
too much fuel and too little air), carbon monoxide may be
formed: s

2 CgHys + 23 0p— 12 CO, + 4 CO + 18 H,0

,Carﬁén monoxide, when taken into the lungs, reduces the
ability of the blood to transport oxygen throughout the body.
An exposure to less than 10 ppm (parts per million)(can cause

a reduction in mental and physical reaction times in humans —

. B~
\ e,
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which is %’probable cause for many automobile accidents.
A short exposure at 150 ppm qan produce fatal results. »

1!; . ) -

r
"PrYDROCARBONS

Hydrocarbons are compounds which contain carbon and
nydrogen. In addifion, they may contain oxygen, nitrogen,
halogen, or sulfur. The hydrocarbons come in all shapes
and si:zes, beginning with methane; CH., and ranging to.
molecules containing many carbon atoms. As with mogt pol-
lutants, much of the world's contribution of hydrocarbons
to the atmosphere comes from natural soutces. These sourtes -
including em1551ons from trees and plants in the form of L.
turpentine and plne oi1l, and methane from the bacterial de=:
composition %f organic matter¢r account for 85% of the total

2

emission of hydrocarbons. - S

The 15% of hydrocarbon emission that peeple contribuee

1S eoncenmrated in urban areas and comes from 1ncomplete
y comousthn of coal, petroleum, aqg)casollne The automoblle
accounts/ for more than two-thirds of the man-made emissions

.
-

4

The incidence of lung cancer in non-smokers closely

of hydrocarbons. .

parallel the concentration of hydrocarbons in the air. .

For example,{Zhe concentration of hydrocarbons in urban - .
areas is 10 times that in rural areas, and the incidence

of lung cancer is nine times higher in urban areas. As indi-
cated earlier, hydrocarbons can react with nitrogen oxide ) .

or with ozone to produce the eye irritants found in smog.

~

L4
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OZONE

Ozione is a natural component of the upper atmosphere.

violet radiation that strikes the earth's atmosphere.

‘IQ forms a protectiye_;ayer”which absorbs much of the ultra- <
Ozone

is formed naturally by the combination of an oxygen atom and

an oxygen molecule 1n the presence of an electrical discharge

such as llghtnlng
14 -

" *0,

»
?

Oz oneqﬁs a powerful,

to harden and'cragk,

4

- &

+ 0 ﬁgleetrlcal dlscharg%__o3

L4

3

oxidiLino agent.

It causes rubber

and, bv shortening the life of auto- *

mobile tires and qther rubber products, it is responsible

for the loss-of ‘millions of dollars each year. Ozone also
causes etten51ve‘damage to vegetation: tobacco amd tomatoes
are part;cularlyxsusceptlble.

When high levels of ozone are pfésent vigorous physi-

tal @Cth}tV is dangerous Public’ schools in Los Angeles

°cancel., all outdoor recreation’ clafses when the ozone concen-
A this.level,
also 1s respon51b1e for several ph)Slcal svmptoms occurring

dlfflcult} 1n :

tratlon in that area reﬁéhes 0.35 ppm ozone

in humans, such as .réspiration irritation,

malntalnlng proper body temperature, and vision 1npalrment

(eSpec1a11v night v151on), . ot B

The major pollutants are classified”in Table 3.

- . LI ~

» “ . .
+ ' 1#7’ - [
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TABLE 3. CLASSIFICATION OF POLLUTANTS.

L] 5 .
s
Major Classes Sub-Classes Typical Members® .
v | Particulate Solid pafficulates Dust, smoke, ash )
Liquid particu- Spray, mist
lates )
' Organic Gases Hydrocarbons Ethylene, methane,
- hexane
Aldehydes and Acetone, formaldehyde
ketones
Other organics Alcohols, chlorinated
hvdrocarbons
In%iga ic Gases| Oxides of carbon Carbon monoxide, = * f ' -
carbon dioxide
@ |'Oxides of sulfur Sulfur dioxide, -~
sulfur trioxide
* L
] Oxides of nitrogen| Nitrogen oxide, I
nitrogen dioxide
-Other inorganics Ammonia, chlorine, *
~ hydrogen sulfide '
Oxidants ) Ozone K
) A ' ‘ ) ?
SAMPLING OF POLLUTANTS
Most work in chemical laboratories »s done w:ith solid *

or liquid samples because of the convenience in handling.
Sampling of pollutants is more difficult because pollutants

generalyy are found in gaseous -£ and in small concentra-

tions. There are severzal technéques, howeveTr, that can be.- - . o

the high'vblume samplbr, and the tape sampler. . ;@9

used in sampling‘for particulat?é: the d:stfall bucket,
s’

b T
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The dustfall bucket is a cylidde} contain€r used to
collect dust and large particulates for a standard period
of 30 days. Water is usually added to help retain the dust.
For analysis; the dust and water are transferred to a beaker,
the sample 1is dried, and the total weight of the material
collected is determined. Results are usually reportedeaﬁf
tons per square mile, per 30 days. or as milligrams per. - ..
square centimeter, per 30 days. Peterminations also may be
conducted for carbon, sulfates, chlorides’, ,ammonia, metals,
nitrates, phosphates, and insoluble ash.
i A high-volume sampler is used on particulates too small
to settle out of the air. As a high volume of air is pulled
through a filter, the particulates are»trgpped‘in-the'filter.
The Tesults are determined by measuring the volume of air
and the gain®in weight of the filter. The results are re-
ported as micrograms per cubic meter of air. Particulates

-

on the fiberglass filter may be analyzed for carbon, sul-

. fates, chlorides, metals, and so forth.
tates, ; ,

The tape sampler consist's of a vacuum pump, an auto-
matic timer, a cellulose tape filter, and aW optical sensor
that measures the visibility quality o# the ambient atmo-
sphere. As many as 600 sample spots mdy be collected auto-
matically on 100-foot rolls of filter tape with a minimum
of operator attenti&ﬁ. The tape is advanced‘automafipally
by the tape sampler, which has a fast .response time and
continually monitors the atmosphere. ‘

Samﬁling methods for collecting gaseous pollutants in-
clude. absorption’in a liquid; absorption-on various solids,
condensing or freezing pollutants,-and grab sampling. "In
the fi;st method, gas is drawn throﬁgh a solution which
reacts with the gaseous contaminant to form a nongaseous

/"

@gmppdpd. Then-the gas is separated from thg liquid and
. " ) %}'vf-. . ) - . -
" R CE . F]
>R P ® . -
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analyzed. The absorption devices use fritted-glé%g absarbers

or impihgers, to disburse.the gaé evenly througﬁog‘é*abSUrb-

ing liquid. T . )
12

When solid granular matesials are used to absorb pol- '

N

lutant gases, the gas is pulled through a tubé containing
the gfanu;ar absorbant. The qﬁégtity that can be absdrbed
by a given amount of absorbant depgnds upon th;surface area ‘
.of the absorbant, the temperature of the .system, the chemical
reactivity of the pollutant, and the size and shape of the

pores of the absorbing medium. Common absorbants’ have the

vapacity toabsoth percent of their weight.
In the ﬁfe//p

e21ng,6r condensation method of collegtigg
gageous pollutants, the _,gas stream is passed‘thrbugﬁ ai
Liﬁube which “is immersed in a cold-bath. As the pollutant, -
comes in contact with the cold-su;face'of4the U-tube, & 1is
frozen to the surface. The efficiency of dollection cin be
imprdved by reduciné the' flow ;afe.q Some typical cold-baths
are listed in Table 4. ' > o

L
e

TABLE 4. TYPIGAL COLD-BATHS. *

Substanpeﬁ{"? Temperature ;'.

o ;
Ice and salt -16°C
Dry ice and acetone c -80°C

Liquid nitrogen -195°C

7

r

-




Grab samples are taken at a particular time — usually

2 few seconds to a minute of time fs involved. An evacuated’
round-bottom flask is connected to a probe that has been
inserted in the area to be sampled (such as an exhaust duct).
The stopcobck on the flask is opened to .collect the samﬁle,
and the sahple rﬁshes into the vacuum in the flask. A
flexible bag made of Myéar is used for collecting conbustion
gases. For this process, a sampling train (Figure 10) is

set up to.tak€ the sample. The air is evacuated from the
grap sémple box, causing the flexible bag to inflate; the
sample is then drawn out of the duct. Reversing the flow
*of air from the.pump forces air into the box. One can expel

the sample from the baj for analysis. '

-

"Figure 10.
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EXERCISES

~o
.

]

A gas has a volume'of 1000 ml at a pressure of 1 atm. g
“What pressure would be required to reduce the volume

of the gas to 750 ml without any change in temperature?

a. 0.75 '

. b. 1.33 .
. e 1.0l : '
d. None Qf‘the above

‘If 100 ml of gas at 23°C were cooled to 0°C, what would

be the new volume? _— o ;

a. 100 ml N

b. 78

c. 92 ' . B
d. None of the above

Gés is placed in a storage tank at a,pressure of 50 atm
at 23°C. There is a small safety plug in-the tank made
of metal alloy-that melts at an elevated temperature. D
_At this temperature, the gas pressure has reached 75
atm. At what temperature is the metal plug designed to

° « [

mel}? , ;n ( . P
a. 171°C ' -

b.  444°C ' o -

c. +258°C <

'a. None of the above b ’

What would be the weight Sf 5 liters of oxygen at 20°C \

*and 740 mm pressure?

a. 20.7 : ' .

b: 6:5 ‘ . v K ;;7
c. 11..4 . . . « : )

d None of the above :

< . V
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A mixture of 20% oxygen, 30% nitrogen, and 50% helium

w

exerts a total pressure of 700 mm. What is the partial
pressure exerted by the nitroan? ‘
a. 210 ’

b 140

c. 350

d None of the above -

s

LABORATORY MATERIALS

‘ |
Laboratory 1 ' o . - j>
, y

.

400 ml beaker . ‘

#4 .one-holed. rubber stopper |

125 ml Erlenmeyer flask ‘ : ///
Pneumatic trough"
Ice N )

: “Thermo ter . _‘ 8
S-cm’fgjgph of glass tubing -

. ) SOJﬁ%LfrgduapéH cylinder .
Tongs

.

Burner

-
.
L]

Laboratory 2 - - ]

125 ml Erlgnﬁgyer £lask.
25 cm square of aluminum foil
. 400 ml beaker &
Burner )
Ring stand and ring . M- '

. tee, Wire gauze 3 ' B . r - /
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20 ml of an unkrown orgaﬁac liquid - ény one of the follow-
ing:‘ benzene, carbon tetrachloride, ethyl acetate,
cyclohexane, or di-chloroethene

;;ZT¢tiqal balance

’

°

»

v,

: LABORATORY PROGEDURES .

=

.

LABORATORY 1. DETERMINATION OF ABSOLUTE ZERO. '
S | P J///
This experiment investigates the relationship between
gas vo}umeéfng temperature. The student graphs the volume-
temperatur’ data obtained. and estimates. absolute zero by -
the method of extrapolation. This determination of absolute
sero is based on the direct relationship between temperature
and volume: as the temperature is reduced, *the volume is
reduced, and} theoretically, the volume at absolute zero is

lero.

PROCEDURE . ‘ o=

Carefully record all daga in Data Table 1.

1. Fit-a 125 ml Erlenmeyer flask with a #4 one- holed stop-
per containing a short length of glass tubimng.

2. Determine the exact volume of the flask with the stop-
per by fllllng it with water and then measuring the
water in a graduated cyllnder Record this volume in

+ Data Table 1. R

{ ) . )
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Dry the flask thoroughly by carefully hélding it with
tongs and rotating it over the bufher flame. It is
-~ important for the flask to be absolutely dry to avoid

having water vapor in the air. . l

4. Place the flask in a 400 ml beaker of boiling water

"for five minutes to allow the temperature of the water
and, the air in the flask to become equal. Record the
temperaturé.of the wateT in Data Table 1. r

Place a finger.tightly over the glass fubing and trans-

W
.

fer the flask to a pneumatic trough containin'g an ice
and water mixture.a Release the fingerlwhile the tube
is under water, and allow the water to rush into the .
flask. Allow three minutes for equilibrium to be es- -
‘tablished.
3 Measure the volume of water entering the flask with a
gradduated cylinder.

7. Calculate the final volume of air by subtracting the’ ’
volume of ‘water from the totdl volume of the flask '
found in Step 2. Record the final volume in-Data
Table 1. ,

8. Measure and record the temperature of the ice bath in

Data Table 1. .
9. 'ihonduct another rug with the ice-water bath; then con-
' duct two runs each with water baths of 20°C, 40°C, and

60°C.” Be certain t6 dry the flask thoroughly ijrween
each® run. -

10. Graph all eight .data points on the ggaph in Data Tabple
1. Draw a single straight line through the data points -

¥ until the line crosses the tempera%ure axis of the
graph.
i ' ' - )
. ‘ | , ) )
» ' § " . , h
T . * . ] -
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. \ .
11, Read the value obtained for absolute zero’(the,temperé-
ture where the éxtrapolated line crosSes,thé tempera+
ture axis). Record thij\walue in Data Table 1. '

! i

“ | | ’
.

LABORATORY 2. MOLECULAR WEIGHT OF A VAPOR.-

-

>

-

The ideal-gas law relates the pressure, Volume{ffem-
perature, molecular weight, and weight of a gas. . For con-
nveni@nce, the ideal-gas law formula [Equation‘ﬁj;iswrepeated

” -
below as follows:

_ GRT
: PV = W -
” N /// R
L A

P = Pressure, in atmosphere.
’ V = Volume, in liters.
T = Absolute temperature.

Q
|

= Weight of gas, in grams.

. MW = Molecular weight of the gas, in grams.’ \. cor
R = Gas congfént equal to 0.082 liter (atm per degree
B per mole). .
. -
Molecular weight is given as follows: : o
) " ’ . ’
ORT .
N L\’ ! = © -
; . W DV R
-~ ." t
‘ ]
J
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In this expeiiﬁent, a small amount of the unknown liq-‘
uid is put into a weighed flask. The flask is then placed
in boiling water~EE§ré the liquid will vaporize completely,
driving out the air and filling the flask with vapor only.
The barometrit¢ pressure and tgmperature of the boiling water
are measured. The flask is %tooled, thereby condénsing the’
‘'vapor. Then the flask is weighed (plus the cond¢nsed vapor)
to determine the weight of the vapor. The m¢hecular weight
of the vapor can'be calculated at this point. he experi-

mental set-up is shown in -Figure 11. e

¢

ALUMINUM FOIL
WITH PINHOLE

11. A}paratus for Deférmining
Molecylar. Weight of .Vapor.

1
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PROCEDURE

(g8 ]
.

Carefully record all data in Data Table 2.

Make a cap for the 125 ml flask from aluminum foil.

Using a pin, poke a small hole (as small as possible)

in the center of the cap. )

On 4n analytical balance, determine the combined weight
of the clean, dry flask and its cap to the nearest ‘
0.0001 gram. Record the weight in Data Table 2.
Pour approximately 2 ml of the unknown-IE&nid into the

flask and replage the cap securely. Clamp the flask
and suspend it in a 600 ml beaker, as shown iIn Figure
11,

Fill the beaker almost full of water and heat it to
boiling.

Measure the temperature of the boiling water and the
barometric pressure. Record these measurements in
Data Table 2.

As soon as the liquid has evaporated, remove the flask
and allow it to cool, . TR
Weigh the flask, céﬁ, and condensed unknown 11qu1d
Fill the flask completely full of water’and measure ,
its volume by pouring the water inte a graduated cxlln-
der,.r . : h T .
Record data in the calculations section of Data Table

2 by converting the experimental data to the appropriate
units. . ' -
Substitute data to the edquation shown in Data Table 2

and calcufzgg the molecular weight of the unknown vapor.

- Gompare this result with the actual molecular weight

‘

»cgiven by the 1nstructor
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DATA TABLES ]
{
~ DATA TABLE 1. DETERMINATION ?F ABSOLUTE ZERO.
Total volume of flask ml
Initial temperature of air (b0111ng water) °C
Vol of Final Final
+ }water (ml) volume temp “
. entering of air of air
flask (ml) °C.
First run (ice water bath) T S .,
Second run (ice water bath) . A
Third run
«(20°C water bath) , N
Fourth run : p .
(Z0°C water bath) ; ol
Fifth run (406°C water bath)’
Sixth run (40°C water bath)
] Seventh run -
((60°C water bath) .
Eighth run N
(60°C water bath) .
ABSOLUTE ZERO
- f%uéi@
* 100 1
'
* 4
- ) /
L /i
- 50
45
)t 4 3
o]
25
20
15
¥ 10 -
° 5
- 300 e B +100
. o * Temperanxe ‘C

50/CH-04
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i DATA TABLE 2. MOLECULAR WEIGHT OF A VAPOR. ‘ ~
: ‘Trial 1 |.Trial 2
Weight of flask and aluminum
- .foil cap | ' g g
< - Temperature of boiling water
" bath ] . ©°C °G
o Barometric pressure .torr - torr
Weight of flask, cap, and .. ‘
-condensed vapor C g g . ’
Volume of flask ¥ ’ ml . ml w’
ry N ""i
’ & hg L/- %
CALCULATIONS ~» ° ‘ \/ >
Pressure of vapor p atm atm
Volume of vapor (flask) v liter - ‘,\'liik:er )
Temperature of vapor LT °K °K L
Weight of vapor g g g
Gram molecular weight of ) &
unknown , . ' MW - g g
1 .
r -, . Eed B
- . ! 4
’ . _ gRT
MW = 5T
¥ , ) )
, . N
J s L
o &d' "\'
h) 3% A
- < — e
» , { ) 4
s o .- « ¢ -
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.- - GLOSSARY

g L 1

Air conditioning: The refrigeratiom of air for human com-'
fort. 3 . R

Air pollutant: A substance added to the atmosphere in such
quantities as ‘to adversely affect humans, animals, '
yegetation, or ﬂaterlal

. L]

Absolute pressure: The ‘actual or true pressuré of a gas.

Absolute temperature scale: A temperature scale obtained
Dy adding 2735 degrees to the Celsius temperature.

-

- » . "
Boyle's law: At constant temperature, the volume of a given
mass of gas is inversely proportional to the' pressure.

Charles' law: At constant pressure, the volume of a gas
varies directly as the absolute temperature.

Diffusion: The movement of a gas through another gas or
through a porous barrier.

~

-

Electrostatic prec191tator A device which removes partlc-
ulates from exhaust gases through electrostatic attrac-
‘ tion.

“a

Gauge pressure: The pressure of a gas as indicateld by a
gauge oo © '
S &%,

Gay-Lussac's law: At constant volume, the pressure of a
tixed amount of gas will vary dlrectly with the abso-
lute temperature.

v

Particulate$: 'Small, solid particles or liquid droplets
which, if present in air /can cause pollution

i3

Photochemical smog: A poisonous mixture of smoke fog, air,

+ . and other chemlcals containing large amounts of ozone,
nitrogen oxides, and hydrocarbons, formed by the action
of sunlight.

‘Pressure: The force caused by the collision of gas mole-
cules on the walls of a container.

Refrigeration: The process of extraction of heat from a P
substance to lower its temperature from that of its
surroundings. ' .

-
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' [N : ~
: Relative humidity: The ratio of the weight of water 'vapor . .
’ T . 1n alr compared with the weight of water vapor that
. wou&§<§i2urate’the air. ' -
. Smdg: A poisonous mixture of’ smoke, fog, air, and other )

chemicals.
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_ INTROD)UCT!ON
Mast reactions are goeéucted in the liquid phase. Gen-
erally, the }1qu1ds involved ere solutlons which are homoge -
neous mixtures "pf two or more’ substancess Of primary impoT -
tdnce are those solutions formed when a solid dissolves in
water. This module presents a study of unsaturated, ‘satu-
rated, and supersaturated solutlons, as well as solubility
and rate of dissolution. Considered, also, is a variety of
methods for expressing concentration of solutions — namely,
percent concentratlon, molarlty, normality, and density. The
procedure for making dilutions is also presented.
~ A,number of basic.properties of liquids- are discussed
in this module, including. evaporation, condénsation,ovapor

pressure;, boiliné and freezing points, and viscosity. Prop-
erties of acids, baseé; and salts are exam;%ed, as well as

an important laboratory technique called.bitrimetric analysis.
A related topic, the measurement of hydrogen ion’coﬁbentra~
tion (pH) and ‘the measurement of -‘the concentration of other
ions also is 1nc1uded

. .M
PREREQUISITES

. The student should have completed one year of high-
school algebra and Modules CH-01, CH-02, CH#%3, and CH-04
" of Chemistry for Energy Technology I.

N

-
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; OBJECTIVES — . . =~ =& |

) Upon comﬁléfidn of this modulq; the student should be
able to: ' \
~1. Define tpe following terms:.
Boiling point.

apor pressure. |
‘Nolarity.

Nogmality. -

Solvent.
Ssolute. .

Hh o A O o ®

g. . Unsaturated solution.
h. Saturated solution.
i Supersaturated solution.
. 2. Distinguish between dilute, concentrated, weak, and
strong sofutions. ‘
3. Predict the effect of solute concentration on vapor
pressure, freezing point, and boiling point.
4, Diséﬁss the effects of pressure and temperature on
V4 solubilities. . T .
Solve problems concerning the concentration of solutions. |
Distinguish between suspensions, ¢6lloids, and solutions.
Define acid and base, and give an example of each.
Describe the method of conducting a titrimetric analysis.
Explain what is meawﬁ by pH, and give the mathematical

expression for pH.

O 0 N & un

. e -
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\ - SUBJECT MATTER

4

" THE LIQUID STATE

In a previous module, “Refrigerat1on Gases, and Aiw
Pollutlon "it was learned that molecules of a substance in
the gaseous state are‘1n constant, rap1d mot1on and spaces
between the molecules are large compared to the 'size of 'the
molecules themselves The kinetic molecular thEE;y'of géses,

o

wthh applies to the behavior of gases, also applies to liq-
: uids 1n the follow1ng manner :

As molecules of a gas are brought Closer.togethel by ap-
plfcation of-pressure, the attractive forces between t¥e mol-
ecules become stronget. Moreover, as température decreases,
velocity of the molecules decreases, allowing even more at-

" traction between the molecules. If the pressure ¢is high
enough and temperature low enough; attractive forces- then. be-
come sufficient to cause the gas to condense to a liquid. In

' ,the liquid state, -molecules are free to flow and take the
a shape of a container; but the molecules ere somewhat close
together and-only slightly compressible. .

- . . ! '

~ +~ s

EVAPORATION AND CONDENSATION

Wh a liquid, such as water, is placed in an open con-

. tainef,i;he ‘water will gradually disappear or evaporate. ]
Evaporation can be.explained in terms of motion of molecules -

in liquid: At a gifen time, molécules of a liguid ﬁove at -

various speeds; some move slowly, some move at intermediate.

_speedsl and.some move Very\rapidly. .A molecule'that is mov-

ing rapidly near the surface of the liquid may possess -

.

’ o 19y . CH-05/Page 3
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sufficient kinetic énergy (energy due to motion) to overcome
the attract}on.of its neighboring moleeules; ;Dat is, it qay
escape from the surface, or evaporate.

Evaporatlon of a liquid 1is illustrated in Flgure 1

J i . . . . o

Tet0 €03°%
4a% 0
»

® ¢ o
¢ 0
°?

Figure 1. Evaporation of a Liquid. N
In the open container on.the left, molecules in the liquid
gained shfficient’energy and 'speed to escape from tqi surface
of the liquid. -In this gaseous phase, the molecules moved
about rapidly and found their way out of the container. Only
a flew gaseous moyfcules strflk the Surface of the liquid and
were captured and returned to the liquid phase. When a stop-
per was placed in the bottle, as shown on th® right of Figure
1, an equilibrium was establisped in which the number of mol-
ecules leaving the liquid was exactly the same as the nuﬁber
. of molecules re-entering- the liquid. In other words, the
rate of evaporation equaléd the rate of condensation. Note
St that evaporation was not stopped, but that condensatlon
equaled evaporation, and there was no net change. Eqalllbrlum

-

.

can be shown as follows:

{ - ) o
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Evaporation

wLiquid Z > Vapor

- Condensation N
. j ) '

VAPOR PRESSURE -
s ‘ T ,

Molecules in vapor above a liquid in a closed container

. exert pressure as they strike the sides of the container.

Pressure exerted-by a vapor in equilibrium, with .its liquid-
at a given temperature, is' called vapor pressure of the liq-

uid- This vapor pressure of a liquid varies consiéerably

w1bh chanclng temperature; as th€ temperature of the liquid

1ncreases, more molecules leave the liquid and enter the gas-

eous phase, where they may exert an increased pressure.

Table 1 lists vapor.pressures of water, alcohol, and ether at
various temperatures :

. " ,
.. TABLE 1. VAPOR PRESSURES OF SOME COMMON
SUBSTANCES'AT VARIOUS TEMPERATURES
iy (pressures in mm' of mercury).
Substauce | 0°C -| 20°C | g0°C 60°c | ™sp°c .| roosc
r i - - e - > -
Water «. | 4.6 | '17.5 §5.0 [%149.2 | 355.5 760.0
Alcohol | 12.2 ' 43.9 15%.3 | 552.7 81246 '] 1693.3
-|Ether, 185.3 | 442.2 | 921.1 ~]1730.0 | 2993.6 }4859.4
‘\ ' . .
. L )
—-4\ .
.
. CH-05/Page 5




The teble shows that the vapor pressure of all three
substances ihcreases with 1ncreas1ng temperature. Ether has

since ‘'water and alcohol molecules attract each other hrough

" a much higher vapor pressure than e1ther water or aleﬁhol
hydrogen bondlng Thus, water and-alcohol molecules cannot,
easily leave the liquid surface “e ? ) 2*
When vapor pressure of a 11quid becomes equal .,to atmo-
spheric'pressure the 11qu1d b011s. The "nérmal Qoiling
EQ&EE of a liquid is deflned as ''the temperature at which
the vapor pressure becomes equal to 760 M of mercury.
Table I shows that the pressure of water at 100°C-is 760 mm
of mercury; that is, the b0111ng point of.water is 100°C.
Likewise, the Vapor pressure of alcohol becomes,760 mm at a
temperature below 80°C, and, the vapor pressure of ether be-,
'cgmes 760, mm at a' temperature below 40°C. By hlotting vapor
pressure versus temperatﬁ//-nene can obtain a vapor pressure °
curve which can be used to determine. the exact boiling point.
Vapor pressure curves for water, ether,-and alcohol are -shown
in Figure 2. Ether 's normal b01ﬂ1ng point is 34. 6°Qi:alco-‘

hol's is 78.4°C. .

760

VAPOR PRESSURE (mm}

.
e e e e e - - -
* .

o - 34.8" 78,4 100’
TEMPERATURE (°C) '

Flgure 2, ( Vapor Pressure Curves fbr
Water, Alcohol, and Ether.

.
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A 11qu1d may b011 at_ temperatures higher than normal

und&® external pressures gteater 'than one atmosphere (atm). N
On the other hand, the b0111ng polnt of a lfould may be low- .
ered below nqormal by decreaslng the_pressure pn the surface
of the liquid below one atmosphere.’ For example, at high

. altitudes, where atmospheric pressure is less than-760 mm,

- water boils at temperatures below 100°C.. Food-cooked.in

b0111ng water cooks more slowly at high’ albltudes because .

. the temperature of b0111ng water is lowerr .than ¥t would be i
nearer sea level. In-a ‘pressure cooker; thé temperature of
boilingawater is_higher\than‘normal, due tojnigher_vapor pres-

'sures;‘therefore, it is possible to cook foods faster in .a .

pressure cooker than' in an open container. ” o . AN
. e M ] ' - e

- ¥

-

* T DISTILLATION . T, L

»

LY
o

.- . . ¢ v
. . . ; Y

,c o ~ &
4

Conslderatlon,of vapor pressure 1s 1mportant in distil- e
_:) ation, which is. one- of the oldes& and easiest methods of )
eparation. ¢ In a “simple dlStlllathn’ a 11qu1d is Vapor1zed .
hrough the app11catlon of heat. The vapor is cooled until
.ij condenses (as a 1dquid) awayifrom the orioinal liquid, thus. _
effecting a- separation. A laboratory setup for a simple dlS- -
tillation 1s illustrated 1n ngure 3. PR co p
Suppose salt is ‘to.be removed from ;eawater so the water
¢an be used for- drlnklng purposes The seawater is placed in
a d1st1L11ng flask and heated with a burner Slnce water va- : . e’
“porlzes at a much lower temperature than salt, *the wat®r boils
off 1eav1ngya4residue of salt rn the flask. ‘?The water 1s . )

. cooled in the condenser where the vapor is condensed to a 11q-

- ’ -~
’3 . »

\ . c J ’ ..

/
- uid. If a mlxture conta1n1ng several Volat11e components is

Y ' : y o « - .CH-05/Page 7f '
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WATER OUT

’

m: DISTILLING WATERIN
] FLASK
it ) RECEIVING .
' FLASK A X
i BURNER \ ,
m .
DISTILLATE _
| M. Ped
- LY <. ) , »c

’ . . ) e .
) Figure 3. Simple Distillatien.

v

oty

distilled, a complete eparation does not occur in one distil-
ration.‘ However, the vapor is richer in the more volatile
. component. Repeated distiliations can eventuall} effect 'a

.. separatjion; howgver3 a fractionating column can be hsed to
separate volatile components in a single operation. Figure 4
illustrates a bubble-cap fractionating coidmnz;‘Each }ayer of "
liquwid on the plates is equivalent to the beiling liquid -in a_
d;sfillat}og f%ask, and,the\liquid on the plate gbove it is
equivalent to the condenser. Thus, by the time the vapors

- Teach the top of the cplhmn,ﬂhnd are condensed, the components
will have been separated. In the petroleum industry:'frac-‘

) tional distillation is used to separaﬁe crude 0il into frac- .
tions. Gasoline, the more volatile component of‘crude oil,
boils in the rang§ éf 60-150°C. Kerosene, diesel, and jet
fuel -boil in the }50—250°C range; lubricating oils boil in

'
M .

.
e— .

-
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the 250-350°C~;ange.
tillations,; which are used

Dis-

in industry to separate

.© liquid mixtures, consume a
large.amount of energy.
Thus, they are important
to an energy technician.

- VISCOSITY

Some liquids = like
‘-molasses — flow slowly,

while others flow easily.

The resistance of liquids

' . to flow is referred to as

viscosity, The highr the
viscosity is,
the flow of the liquid.
Molasses, for instance,

the slower.

is
a viscous liquid, whereas
° water is ' not. Motor oils

have variows viscosities,

the easefwith which individual molecules can move past other-.

' moleculefs.
ecules,

0

4
R

oA
Y~CONDENSER
»
L * “\\REF
BUBBLE LR o=z i
: P
DISTILLATE
INLET LiQuip
r ears?” s
S S ’
e i oo
Nuisiialals
. HEATER
Figure 4. Fractionating

Distillation Column.

‘Y

It depends upon the attractive forces
as well as the structure of the molecules.

dependlng upon the1§ intended use

(that is,/for hot or cold weather). Viscosity ls related to

One’ way

to determine Vlsc051ty is by measuring the time it takes for

a giveh amount of 11qu1d to flow through a ‘small diameter’

an Ostwald viscometer,

. ’

3

»,  tube under the-influence of gravity.

Such a

is shown in Figure 5.

device, called

o

between‘de-

v
e




s

Viscosity is t'emperature

deépendent since at higher temd |

peratures the attractive forces

MARKS . .

A v between mplecules are gecreased,
thereby allowing the liquid,to
flow more easily. Hence, caré-

‘ fui control of the temperature
-must be maintained in measuring
Figure 5. Ostwald ,Vviscosities. Vigkqsities of

- Viscometer.

£

the. VlSCOSlty of eth
whereas the viscosit
greater. Viscositie
those .in Table 2 are
per.second. Viscosi

several common liquids at 20°C
. are given in Table 2. As shown,
er and benzene is less than that of water,
y of ethanol, mercury, and glycerin is
s may be reported in a number of units;
kilograms of liquid -flowing one meter

ty, an important proﬁertx of liquids,

e d
S~ N\
- ) . ’ . A
TABLE 2. VISCOSITIES OF LIQUIDS at 20°C,
/ =
e \Wﬁ—\" ) . . o
Substance " Viscosity (kg/m-sec) 'x 10*3
‘Ether. - . 0.23
Benzene T 0.65 \ ’
Natér S 1.00 o
Ethanol . 1.20
* Mercury ) ’ “e. 1.55 ' ’
" Glycerin ' 1490.00 ,

- B




1
can -be- measured by using a variety of laboratofy techniques

“
«

in addition to the Oswald vigcometer.
In many manufacturing processes, liquids must be pumped
from one location to another, and they must be.mixed with
other liquids. The ease with which liquids can be pumped or
mixed is closely related to the liquids' viscosities. These
processes é;% high enefgy consumers, and proper cbntrol of

. - "

«them can result in 51gn1f1cant enérgy savings.

. . oL
L4

. ﬁrggERSIONs . .
- " : 3 «
Water has the ability to dissolve other substances. For
exgmple,‘salt and sugar will dissolve in water to form & so- .
"lutlon To distinguish between-the dispersed material in a .
solutlon and the dispersing medium, the dispersed material is
called the solute, and the medium is called the solvent.

. Thus, in the above ekamp;e, salt or sugar is the solute, and
water' is the solvent. A dispersion is a broader term than
;olutiom; it is the result of suspen@ing any substance in a

- Liquid or other mgdium.,.Dispersiqns_can be divided into

. . / . .
three types: suspensions, colloids, and solutions. The dis-
tinction between these types is a ‘matter of-the size of the

<

particles dispersed. .. - .

SUSPENSIONS ' ' R ) ;

T " When a dispefsion contains particles that are.too large >
to remaln suspended indefinitely in the medium, it is called

™ a uspen51on. Suspensions remain stable for a limited. time,

Y

+

‘ o * ¢ \
. - CH-05/Page, 11.
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until the suspended particles settle out. The dispersed par-
ticles that ténd to settle out are usually. larger than 0.0001
mm in diameter. Examples of suspensions are sand in water,
'0il in water, and smoke in air.

»

COLLOIDS ' "

N - a

If the size of particles is between approximately 0.0001

k and 0.000001 mm, the dispersion tends to be stable for a long

time, or even indefinitely. These dispersions ‘are commonly
called colloids. Example%\of colloids are the following:
milk,.mayonnaise, hair creams, and gelatin. The familiar *
""'sunbeams'® that are seen as sunlight ehters a room through a
small oﬁbning 1s another example of a cglloidal dispersion.

This effect is known as the "Tyndall" éffect. o,
v : * &

SOLUTIOVS ’\\\\\ // ,

If the particles.are smaller in diameter than 0. 000001
mm, the dispersion is called a solution. Particles of this
51ze are approx1mate1y the size of single molecules or ions.
Solutlons are generally clear,-although they may be hlgﬁly
colored The particles of a' solution will never settle out
of the solution Solutions can be‘g@aracterlzed as follows:
The solute particles (1) are molegular in size; (2) are uni-
»formly distributed throughout th?lsolvent,:(3) cannot be seen;
(‘4) do not setfle-out on standing; and (5) cannot.be removed

. . C 4
by filtratiom. : b -
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‘ SbLUTION TYPES *AND CHARACTERISTICS

Sinte theré are three states of matterd(solid, liquid,.
and gas), nine different types of solutions are possible.
Thq soluﬁe may be a gas, liquid, or solid; likewise, the ,sol-
vent may‘be a gas, liquid, or solid. The nigg possible com-
binations ‘and examples of each are given in Table 3. “The im-
portant combinations are solids in a liquid; and of thgse,
the most important are solids in watef,ag a solvent.

Sometimes a substance is said to dissolve when, a chemical
' —<xeaction leads-to a homogeneous mixture. For example, magne-
sium metal can be dissolved by hydrochloric acid as follows:

-~

1

Mg + 2 HCl— H, + MgCl,
A

TABLE 3. TYPES OF SOLUTIONS.

« W
-

L] . <
Solute . Solvent Example

)
. N

“Gas . Gas Nitrogen in air
Gas N Liquid Oxygen in water

Gés . Solid Hydrogen in steel
Liq;idr Gas ' Water in air °
Liquid ' Liquid Alcohol in water’
Liquid ' Sdlfd Mercury in gold
Solid Gas . Iodine in air

Solid ’ " Liquid Sugar in water
Solid . Solid Manganese in iron (alloys)




- - v y0is e .

LS

In a case like this, the chemical form of the siibstance being
dissolved is changed. If the solution iS'evaporaﬁed to dry-
ness, Mg is not recovered; instead,fMgClz is recovered. In

. contrast, when NaCl is dissolved in Watef,‘it ‘can be recovered .
unchanged when the water is evaporated. This module is pri-
marily concerned with the type of solution in which the mate-
rial simply dissolves rather than reacts with the ;olvent.

IMPORTANCE OF SOLUTIONS

Many fealtions occur only when the reactants are in so-
lution. /For example, whew powdered silver nitrate 1is mixed
with popfdered sodium chloride, no noticeable reaction takes
place.” However, when solwtions of silver nitrate and sodium
choride are mixed, an immediate reaction takes place, as in-
dicated Ex\therformation of a precipitate of silver chloride:

. ',' >

AgNOs + NaCl—» AgCli+ NaNO, ..

When reactants are inutge solid state,, reaction 1is Bossible

only for the molecules 6r ions in the surface layers of the

+ particles. . The mob111t¥ of ions an@ molecules in soluticn

is much greater, allowlng for rapid reaction. Almost all~

reactiéns conducted 1n chemlcal operations involve. chemical

£ solutions. Splubllltles are an imporfant con51derat10n in,
uorklng with solutlonsh In the preceding etample the useful-

. nfss of the reactions dépends on the insolubility of silver
. . chloride in water as compared to the hlgh solublllty of sodium

. ‘ - )
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nitrate. ' The difference in solubilities allows the silver
chloride precipitate to be separated from the sodium nitrate
. by filtration.
1 N . .

SOLUTION PROCESS

D

v .

When crystalline materials (like sugar) dissolve in wa-
ter, the strong attraction of the sugar particles for them-
selves is overcome by the stronger attraction of water mole-
cules for the sugar phﬁ%icles. As each sugar molecule is re-
moved from the crystal, molecules of water cluster around it,
forming a solvated molecule. The water molecules "pull" the
sugar ﬁolecules from the crystal and, in the process, surround
the molecule. Often, when molecules are separated from each
other (as when substance§ dissolvg) heat‘is absorbed. Most
substances absorb heat on-solution. °For instances, when a
salt sdich as ammonium nitfate, NH.NO3j, i; 4issolyed, it wili
absofb ‘enough heat so that the resulting solution is very
cold. Water may form on_ the qutside of a beaker during the
dissolution process; or, in some cases, frost mé& form.
‘ On the.other hand, a few 'substances produce heat when
they dissolve in water. Lithium carbonate and calcium ace-
tate are examples of salts that produce hot “Solutions when
dissolved. When concentrated sulfuric acid is added to water,
enough\heat may be efblved"in the process to raise the tem- .
ﬁeratufe of the solution to more than 100°C; that is, the so-
lution can actdél{y\boil. Obviously, care must be exercised
when using concentrated sulfuric® acid because of the possibil- -
ity of thermal, as well as.chemical, burns. The heat envolved
/// or absorbed in the process of soIution of a substance is khown
as the heat of solution.: ’

.
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“UNSATURATED AND SA?URATED SOLUTIONS
v '* /

-

Y -
.

A limited amount 6f solute can be dissolved in a given
amount of solvent. For example, 1 gram (g) of table salt
will dissolve in 100 g of water at.25°C. If.another gram of
salt is added to the solution, it, too, will dissolve. _ This
solution is said to be "unsaturated.!' .An unsaturated solution
'is one in which more solute can dissolve in a given weight of

the solvent at a given temperature. However, és more salt is
a&ded‘ﬁp the Eolution, it will be discovered that, after the
solution contains 36.5 g of salt, no more salt will appear

to dissolve. When this point 1is reached, tie solution is
said to be ''saturated."” After this point, even oﬁ% addi-*
tionalVgrain of salt will not appear to dissolve. In re-
ality, however, the salt may continue to dissolve, but an
equal amount of .salt will crystallize. An equilibtium is
established at the saturation point as follows:

[

* -
« —_

s . !
' . Dissolve

Solute # Solvent- .

.. Crystal}ize~

Solution

x\

3 ’ . ~

AN

A saturated solution is one that is in equilibrium with un-
dissolved solute. A saturated soldtjon may also be defined

as "one in which the rate.of dissolution equals theiratq’of
crystallization.' : -
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SOLUBILITY ‘ i : R Y . -
Solublllty is usually defined as "the number of grams of
substance that will dissolve 1n 100 g of solvent at a given

r ) - 9

temperature.” In the example of table salt glven previously,
the solublllty is 36.5 g/100 g water. SOlubLlltleS of sub-
stances in water vary over a wide range. Mostqgases are

'.. rather insoluble in water, whereas éhe solubility Qf solids

and 11qu1ds in water "is qulte Variablé ’Table 4 lists some -
of the solubilities of substances in water. )

N\ R . . >~

’

/ ' . . -t ' -

TABLE 4. SOLUBILITIES OF SUBSTANCES IN'WATER. - |

. 4 . : . DN r"
r . 1 1 . N °
. Solute N Solub;llsy.(g/loo g water at 0°C)
Si{:er iédide - w % 0.0000003_ )
¢ |Barium sulfate. 0.00003,
NltrogenA > . - . :..003 , - )
Oxygen ) ...003 | , - .
Ether . . DN 7.0 ‘
. So;?ﬁm chloride, o N 35.7 - )
“'fSodium nitrate -7 73,0 ’ P
. Jd
Potassium-iodide . 137.5 e e
S - ‘ ’ (Y - : ‘ "
- = N
28 e, R . .
LR o - ) Vo
. Table 4 shows that more fhan 127 g of po~g§s1um iodide
Wwill d15301ve in* 100 g of water, whereas less than one-mil- o

lionth of a gram of silver iodide will dissolve in 100 g of
water.. Compounds like silver iodide 'and barium.sulfate, which ’
.,‘ Qw | , . ) .‘ //

s,
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- »
haVa’low solub111t1es are qft%n reTerred to as being insol-
uble, although noth1ngfls truly insoluble. '
. ‘ , ~ In general, solutlon takes place most readily when the
.+ .structure ‘of the molecules “of the solvent amd solute is alike.
A useful rule of thumb is “11ke dissolves like. This rule

can be used inm selec;rpg a- solvent for ‘a particular applica-

»

tion. S ) )
4 v

. . . ) - . a .
EFFECT QF fEMPERATURE ON’SOLUBfLIIY
. _U_»‘ .N
Solubility of solld% 1n llqulds generally increases with
an increase in temperature. However, rthere are some excep-

, tions to this general rule. For example, the solubility of
lithium carbonate, calcium acetaﬂe and calcium hydgoxide
decreases with an 1ncrease \in temperature Figure 6 shows~
the, solubllltles at Varlous temperatures of the _following .
three compounds sodlum n1trate, sod1um chloride, and cerium
sulfate. Sodium nitrate shows a marked temperature dependence

’ in its solubility, incre#sing from approximately 73 g/100 §
water at-0°C to almost 150 g/100" g water—at-80°C. Sodium
chloride is not very .temperature dependent in its solubllltf
since it only increases from 35 g/lOO g water at 0°C to ap-

__proximately 40 g/100" g water at lOOSC Cergum’ sulfate is an
unusual s&lt; its SOlubllltY decreases with 1ncreas1nb temper-

»

- ature, as shown in Figure 6. Solubdllty of gases in.liquids
decreases as temperature 1ncreases, whereé% solpb111ty of liq-
1 ‘uids in liquids is not Very dependent upon temperature.

e

) RV , _ LD

o coL . :
v . b . N 2'1 N : S, . . v
A O . )
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- £
EFFECT OF PRESSURE ON SOLUBILITy - . o _
- | v . » -

»

\ ~

~ . L -
Changes in pressure do not notf%eably affect solybility
Y

25

of liquid and solids in<i;qdids. However, the ‘solubility of

a gas is very dependent ipon its pressure. The weight of a

- - - _—

- -
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gas that tan dissolve in a fixed weight of‘liquid at a given

temperature is directly proportional to the pressure of

gas. For example, oxygen has a solubility of 0.007 g/100 g-

of water at 0°C and 1 atm of pressure. » I'f the pressure is

increased to 2"atm, the solublllty of oxygen will increase -

to 0.014 g/lOO g of water.” As the” pressure—l& doubled, the
—N

solubility of -oxygen doubles. (

RATE OF SOLUTION
* ' . Coe

As indicated earlier, solubility depends on the nature
of the selute and solvent and on temperature and pressure. .
Solubility is the amount of a substance that will‘dissoive’
in a solvent. This gmount is ihdepenﬂent of the speed at
which the dissolving takes place. The most important factors
in‘solution rate are as follows: )
- Surface area: Pulverizing the solute-increaEes its

surface area; since 'solution occurs at the surface,

an increasé in surface area will increase the solu- ,{jﬂ

tion rate. . ot
- Agitation:- Stirring the solution allows more dilute
solutioh to come into contact with the solid, there-

by increasing the rate of solution. : '
- Heat: In meny cases, heating the solution. increases
" the rate of solution since k1net1c energy of the .
‘molecules is increased. . . K .
g, Amount: of solute present When the solute is first
added to the liquid, the rate of solution is faster
than when the solute 1s already present in the solu-

tion. Therefore an equ111br1um is establlshed; and,

Page 20/CH-05, _ - Rl
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as saturation is approached~ almost as much solute *
crystalt}zes as that which dissolves.

SUPERSATURATED SOLUTIONS
v f

Oeeasionally, it is ‘possible to have more than the
saturation value of solute present at a given temperature
and the solution still be perfectly clear. This 51tuat10n
can occur if a saturated ,solution is made at a hlgh tempera-
ture and the solution is cooled without stirring or shaklng
of any klnd As the temperature. decreases, the solute ‘can
stay in solution, and the solution 1s said to be ''super-

saturated." A simple way to convert a supersaturated solu-

tqon\{o a saturated solution is to add a small crystal of
the solute upon “which the excess solute in ‘solution w1il

~rapidly build. Shaklngrer st1rr1ng also may convert a super-

saturated solution to a saturated solution. Often;, thlﬁv

<

converSion is fast and spectacular. . } ,

CONCENTRATION OF ‘SOLUTIONS - : ' o
K . f
' The toncentratlon of a solutlon can be expressed e1ther
‘qualltatlvely or ‘quantitatively. The terms concentrated”
and '"dilute" are used .to qualltatively describe a solutlon.
A solution with a relatively small amount of solute is/said

nd .
""strong' are jincorrectly used to describe-concentration of a

to be dilute, whereas one with a large amount of selu e is
said to be concentrated. Sometimes the terms '"weak"

solution. A weak solution is one-in which the solute is not

s —

4

.
hd LS

o ' CH-05/Page 21
le e

o M - . . §




Eompletely ionized, such as agetic acid. A weak solutior
may be concentrated ~such as §ﬁac1al acetic; or it may be
dilute, such as a 5% solution of acetic’ ac1d (Vlnééar)

A strong solution is one in which the solute:- is hlghly 1on-
1zed such*as hyroqﬁlgilcwacxéfﬂin strong solution may be
concehtrated or d11ute such as c0ncentrated or dilute hydro--
chloric acid. It should be remembered,rthen, that d11ute and_
concentrated refer to the apount of solute present ‘whereas

weak and strong refer to the state of 1on12at10n or 'dissocia-

-

tion of the solute in’ the solvent

One of the simplest quantitative ways of expressing con-
centratlons is in terms_of weight'percentage (wt }\ The
we1ght percentage formula. is as follows:

2

_ Mass solute g
Mass solute + Mass solvent x 100

EXAMPLE A: CONCENTRATIONS IN TERMS OF WEIGHT §.

Given: A solution containing 8.3 g of Na,C03/100 g of
water. . . ’

~

3 . Q,’ - © 3
Find: - The wt % of sodium carbonate in ‘this solution.

Solution:

Wt Mass solute
. Mass solute + Mass solvent

8.3 x 100
8.3 + 100

8.3 .
108.3 x 100

Wt %.=7.7%.

x 100

The wt % of solvent in this solutfon is as
follows: 100 - 7.7 ='92.5%, -

L]




MOLAR CONCENTRATION . -

-

The most common unit of concentration in chemical work
is molarity. The molarity of a solution is.the number of ,
moles of solute per liter of solution: '
e ; .. . AR .
. _ Number of moles of*solute /
‘ Melarlty h Liters of solution
< y 7 '
.. , 2 !
A one-molar (1 M) solution contains one gram-formula weight, N
or mole, of the solute in one liter of solution. Note that ‘
a liter of solutiqn, rather than a liter of solvent, is speci- ,

fied'in this definition. Molar solutions.are convenient to )
.\ use because equal volumes of one-molar solutions will contain
. the same nuhber of molecules of solute. For eﬁample, consider
. the reaction ef sodium hydroxide with hydrochloric acid;

ot
3
/

NaOH.+ HCl—— NaCl + H,0 i
AA— ‘

N One 11ter of 1'M NaOH will contain the same number of mole-b.:

.Cules as'onegliter of 1 M HCl. Likewise, 300 ml of 0.5 M

NaOH w111 contain the same number of molecules as 300 ml of

0.5 M HCl. ' ' ( ,
To prepare one liter of 0, SOO M solution of sugar, \g_

(C12H2,011) 1nfwater the follow1ng steps are necessary: e

1.-  The molecular weight (mol wt) of sucrose from the .

molecular Fformula is calculated as follows:

.
- -

-

v N k4

o e . . ]
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S " 12 ¢ 12 x 12.01 = 144.1
‘ 12 H 22 x 1.0 = 22.0
11 0© 11 x 16.00

Mol wt sucrose

42.1 g/mole

¢
" M

K .
2. v+~ The number of grams in 0.500 mol
v follows:

is calculated as

4

. 1

#_grams = 342.1 g/mole x 0.500 mole =_171

3. One-half mole of sucrose,-171 g, is weighed and
placed in a one-liter volumetric flask. A volumet-
ric flask is designed to contain a specific-vo‘ me
of liquid, such as one liter. The flask contains
“the specifie volume when filled to the line in-

. scribed on its mneck.

4., -'-Enough water is added to dissolve the sucrose
fapproximately one-half a flask). The ground-

- glass stoppér is inserted, and the flask is_shaken
"to aid in the dissolution of the sucrose.

5. When all of the sucrose has been dissolved, addi-
tional water is added to the flask to bring the
volume exactly to the mark on the neck.

6. Then the contents of the flagk are thoroughly mixed
by inverting the stoppered flask and bringing it to

3 its, normal position. Several minutes of shaking
are required to thoroughly mix the solution.

As a result of the above process, one liter of a 0.500 M
solution of sucrps; has been prepared. Any concentration of
solution ¢an be made this way. Volumetric flasks, which are
commonly used, have Volumes of 50 ml, 100 ml, 250 ml, 500 ml, ’

Page 21/CH-05
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and 1000 ml. In solving problems concerning molarlty, the
follow1ng formula is convenient to use: z

Grams of solute = (1,of soiution) x (M) x (g-mol wt)

P

EXAMPLE B: MOLAR CONCENTRATION.

o |Given: The chemical. formula NazSOu . ’ -
" | Find: - The number of grams .of NazSO, that are required
to make 350 ml of 0.50 M Na,SO.. Lo .
Solution: e M. = (2x23) + (1x 3zj'¢ (4 x 16)
= 142 g/mole - )
" Grams Na,SO4 = (0.350 1) x (0.50 M) x (42) g/mole)
Grams Na,SO, = 24.8 g.

NORMAL CONCENTRATION _ SR -
3 . . , . -

In an experiment, it can be shown that sodium hydroxide
in one liter of a 1-M solution will neuytralize the hydro-
chloric acid in one diter of a 1-M solution of the acid.
However, two liters of 1-M sodium hydroxide are required to
neutralize the acid on one liter of 1-M sulfmric acid. Two
liters are required because each mole of .-sulfuric acid sup-
plies two hydrogen ions for each hydroxide ion available ’
from one mole oﬁ\iidium hydroxide. The reactions are as
follows: ‘

&

Y
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o

HC1 +  NaOH——=NaCl  + H,0

H,SO4 + 2 NaOH —=NazSO4 + 2 H,0

It is important to use- equlvalent weights rather than molecu-
lar welghts in instances such as the neutralization of sulfu-
‘ric acid. Gram equlvalent weight is defined as ''the number
of grams of a substance associated with the transfer of one
H&drogén ion." In the preceding reactions, the gram equiva-
lent weights are as follows:

HC1: Gram equiyalZnt weight is equal to the

RN molecular weight, since. one hydrogen is
transferred in the reaction.

H2S04 ¢ Gram equivalent weight is equal to one-
half the molecular weight, sincg two
hydrogen ions are transferred in the

H

reaction.

Molecular weight of _

sulfuric ‘acid (2 x 1) + (1 x32) + (4 x16)

98 grams per mole.

1

8 |

1

Equivalent weight

of sulfuric acid 98/2

49 grams, per mole.

ormalltz (N) of a soluthp is the number of gram equiv-
alents of solute per 11ter of solution. A 1-N solution of
sulfuric acid contains 49 grams of the acid in one liter. A
1-M solution of sulfuric acid contains 98 grams per Iiter,
making a 1-M sdlution of the acid equal to 2-N.

-

. -
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EXAMPLE C: MOLARITY AND NORMALITY OF A SOLUTION.

Given: A solution of H,SO,. .

Find: The molarity and normality of the solution made
by dissolving 5 g of H,30, in enough water to
make 200 ml. of solution. ‘

Solution: The molecular weight of H,SO, is 98.

[
5¢g _
700 ml x 98 g _ 0-255 M.

Because H,SO. has two available hydrogen ions,

Molarity =

. there are two equivalents in a mole, and the ‘

L)

normality is twice the molarity:
r

200 mI x 49 g = 0.510 N.

Normality =

DENSITY

'To this point, this module has discussed the following
ways of expressing concentration of solutiéns: weight per-
centage, molarity, and normality. Another method of express-
ing concentration is density. Density of-a solution is given
by its weight divided by its volume:*

Weight

<Density = Volume

.

For liquids and solutions, density is usually given in grams
per milliliter (g/ml). If accurately weighed, one ml of wa-
ter should weigh one gram; that is, the density of water is

CH-05/Page 27
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1 g/ml: Likéwise, the density of sulfuric acid is 1.84 g/ml;
that of benzene is 0.879 g/hl; and that qf thyl alcohol is
0.790 g/ml. Because weighing liquids. accurately is rather
difficulf}.@eﬁsities of liquids are commoniy determined by
using a hydrometer, a sealed glass tube that floats when
placed in a liquid since it displaces an amount of liquid
"equal to its ow eight. Hydrometers are calibrateg to indi-
cate the exact density of the liquid. They are widely used
ip measuring.théfaenséty of sulfuric acid solutions in auto-
mobile batteries and the density of anti-freeze solutions in
dutomobile tadiators.

« ot ‘ '
*
BN . g
DILUTIONS = %, . :
«* ’ \ )
» B % N » A3

Quite of%en it is necessaTy. to use a réagent chemical in
a diluted form, rather than e concentra%ed form in which it
is available.” The usual procedure for preparing dilufe solu-
tions (for.exgmple, of acids) is t¢ mix the concentrated re-
agent with distilled water. Tﬁe following formula can be used
to determine how much reagent is needed to give a final dilute
solution of .the required volume and known concentration:

-

MoV =M,.. V

’ oo conc ‘'conc  'dil Equation 1

dil

‘ " where: t
- o Nconc = Molarity of the concentrated reagent.
Vconc‘= Volume of the concentrated reagent.
Mdil = Molarity of the dilute solution.
Vdil % Volume of the dilute solution.
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Thefuseyof this equation is illustrated in the following
example: .

‘What volume of 12 M HCl should e diluted to make one
liter of 3 M HC1?

A

Number of liters conc HCl = M Xl% &iter

’
n

0.25 .lite‘r.

‘

Therefore,.the required solution is made by adding 0.25 Ljter.
of 12 M HC1 to enough distilled water to make the final vol-
ume of one liter of 3 M acid. .

ACID, BASES, AND SALTS

'

One of the most important classifications of substanceg\\
involves their acid and base properties. Certain substances,
called ac1ds, possess a sour taste and are capable of dis-
solving metals such as zinc. Acids also cause certaln dyes
or indicators to turn a characteristic color. For example,
litmus turns red on contact with acid. Commgn acids' include
citric (found in citrus fyuits), ascorbic (vitamin C), sulfu-

'ric, nitric, and hydrochloric. Whereas acids turn litmus red,
bases turn litmus blue. Bases have a characteristic bitter
taste and feel slippery to the touch. Most bases will not

" dissolve metals; however, aluminum is a notable exception.'
Two common bases are sodium hydroxide (lye) and potassium

¢+ hydroxide. N

>
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Since 'all acids have some common properfies, and all
bases also have common properties, it seems logical to assum
“that there are some featuges common to each. It has been
determined that acids are substances that contain hydrogen.
jon (H¥), and bases are substances that contain hydroxide
ion (OH"). " Bases and ac1ds react in a process called
neutralizatioen, in whlch the hydrogen ion combines w1th the

hydroxide ion to form water as follows:

.
. > . 2 a

!
As an exampl€, consider the reaction of hydrochloric acid
with sodium hydroxide to form water and sodlum chlorlde .

s

HC1 + NaOH —> H,0 + NaCl (,

TITRIMETRIC ANALYSIS_ 1 > .
Reactions such as the preceding one between hydrochloric

acid and sodium hydroxide are commonly encountered #n an ana-

lytical technique called t#trimetxic analysis. For example,

if a known amount of acid having a known concentration is
added to a known volume of base, then the concentration of
the base may be calculated. An indicator such as litmus will
change color when an equivalent amount of acid and base are
present, thus signaling the stop%ing point of the titration.
The foIlowing equation applies to ‘titrimetric determinations:
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mlacid

o

As an illustration of the.use of this eduation,

following analysis:

.Ina titration,

X Nékid'=

s

mlbase

»

)

£

X Nbase

v

L

~

Equation 2

consider the

a

33 ml of hydrochlorlc ac1d with a con- -

centration of 0.12 N arge requlred to reach the equlvalent {or'
ehd point) wlen t1trat1ng a 25 .Ml sample of sodium hydrox1de
Ihe concentratlon of sadium hydrox1de may ‘be found as follows:

° -

s

~

b:.'a ? ' ‘n:tlaCid = 33‘1 - — . T
Naciq = 0-12
) + Mpase T 25 - [
Nbase unﬁqown
Substltutlng these quantltle{

the following:

’

W

n.ahe_gzefeiing equationsgives

.

|

‘

o) ~ 3% ml x 0.12 N _

Nbase =,

s

25 ml

- W

.16

=

Equation 3

[y

F

Thus, the concentreiion of the sodium hydroxide’is 0.16 N.
The actual process of ‘performing a titration is relatively
therefore, the tech-
nique of titrimetric analysis is wideiy used in industrial

‘accurate, fast, easy, .and inexpensive;

4

3 e

L . A ’
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1éboratories. InnLaboratory 2'of thks module, the percentage

of acetic acid in videgar will be determlned by utlllzlng
“‘titrimetric analysls“ . o

« | . ~

’pH R . \ N . . . .
. . ~ ) . . ‘

-

. ¢ \
., ' - . N . . .
. The goncentration’ of hydrogen ion in a solution is a ‘mea-

suie;ofgitsgacidity~oi!basicity.AfBecéuse-of the wide range -

- ‘sterms of the negative- logarithm of the hydrogen ion concen-

—_ -

of hydrogen ion concentrations possible, it has been found

convenient to express the concentration of hydrogen ion in

’
2

tration. This quantity, known gs, "pH" of a solution, is ex-

pTessed mathemat1Cally as follows : o
: ) \ - .
? _' .’+ N 'l )
pH =. -log [HY] = log Gidl

<

‘ \Equation 4

’,

N

: e ,
where: - . Tt

The symbol .[] = Molar concentration.

\\The pH scale generally is consfdered to range from 0 to
14, although pH's of less than O and more than 14 are possi-
ble.
in which the concentrations of hydrogén ion and hydroxide ion

A pH of 7 indicates a neutral solutlon such as water,

are equal. A pH below 7 indicates an acidic solution, and a

pH above 7 indicates a_basic solution. The approximate pH's
of several commonly encountered solutions are given in Table

5.
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Y Increasingly/ -

TABLE 5. pH'S OF COMMON,SOLUTIONS. .
. Solution pH b
0.1 M HCX 1.0
. Gastric juice. 1.8
Wine 3 3
-7 Coffee : 5.0
Milk 4.7
Pure water 7.0 —
« Blood 7.4 -

N Barax - 9.3
Household ammonia 11.8
] 0. 1 M NaOH solution 13 0

' < - ,
MEASUREMENT OF pH ’

Several methods are avallable fdr‘the measurement Qf pH

- .
“e

™~
e

The slmplest method is the use of an andlcator whlch is' a

- 0~

colored substance that can exist in either aeid or base form.

The two forms have a different color, therefore, by addfﬁg a,

small amount of the indicator-to a solutlon and“noting 1ts

color, it is- pos51bx§ to determine whether the indicatbr is
in the acid br base form.

y knowing the range.in which the

1nd1cator/Ehanges color, it is possible to estimate the pH

value. For example, methy ed is red at a pH, below 4.2; but

it. is yellow at a pH above 6.3.

Lo .
Paper tape can'also be impregnated with various indica-

tors for use in approximating pH.
method is to use a pH meter to determine the pH of a solution.

¢

However, a more accurate

)

-

"

CH-05/Page 33



A pH meter consis&s of a pair of electrodes that are placed,
.in the solution to be measured and a sensitive meter that
measures small voltage dlfferenLes between the two electrodes.
(Th1s Voltage is dependent upon conoentrat1on of hydrogen ion
in the solution. The meter is callbrated to read pH.) One

, of the electrodes is a reference electrode that produces a

. stable, known voltage; the other electrode known as a glass
electrode, is sensitive to the concentrat1on of hydrogen ion k<t
in the solution. The tip of the glass electrode is made of
a spec1al thin glass that is permeable to hydrogen ion. The
PH meter is one of the most common instruments found in chem-
ical laboratories. Many portable models are available for
use in environmental studies. ‘ . .

Recently developed electrodes can measure the concentra-
. tions of speci{lc ions, such as Ca**, F°, C1°, and others. -
The concentrations of the ions in solution can be determined’
in much the same manneér as a pH measurement. These specific
ion electrodes can be used for fast, accurate concentration-»

_determinations. The pr1mary d1ff1culty lies in possible in-
terferences of other jons in the solution.

. N *
.

V

'

SALTS

As‘ﬁndicated Previously, acids react)C;th ‘base to form |
water and salts. Salts are compounds of metals and nonmetals.

All, salts are crystalllne solids wh1ch cons1st of ions. e
" Therefore *nhen salts are dissolved 1n’water the& conduct
e1eotr1q1ty athat s, 'they are electrolytes §1nce“they are

‘~ ionic, salts ha latively high ﬁelt1ng p01nt' for exam-

ple, the melthg point of NaCl _is 800 C, and the melting point.
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EXERCISES

A solution contailts—10 g of NaCl per 100 g of water.

What is the weight percentage. concentration of solute
3

v

in this solution?

a. 10.0% o

b.  9.1% ' ; 4 -
c.  90.0% : eﬁﬁ Qk\

d.- None of the aboﬁe' oo,

How many grams of K2C03 are needed to prepare 590 ml
of a 0.25 M solution? : ‘

a. "~ 17.3 =

b, 25.0

C. 13.8 . :, . . . Cos [
d. None of .the above’ '

What is the molarity of a solutlon containing-15 g
of BaClz in 250 ml° of solut10n°

a. 0.15 _@* .. . .
b. 137 . ’ .

c. Q.29 . ‘ .
d. None of the above ' '

How mgny grams of AgNO; are, needed to“prepafe,one

’ellter of a 0.1 M solution? Co T
a.” 108 - ' S
b. . 85 . :
c. -10 " '
d None of the above ’

. . ..
e
-
¢ .
. R ’ - . /
. -
Y
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LABORATORY MATERIALS'

S. A 10 ml sample of hydrochlorlc acid solution requires
36.1 ml of 0. 14 N KOH for neutralization. What is,

/’

o the concentratlon’(normallty) of the acid? B
a. 0.51 4
b 1.97
c. 5

d. None of the above 0

of 0.01 M HC1. (The concentration

. 0.01, or'10"%. Substitute this
value~in the expression for pH.) |

- a. -2 - Caee . : /

6. Calculate  the pk
of hydrogen ion 1

b. 12 .
c.. 2, - )
¢ ’ *d. None of the above

7. If 10 ml of a liquid welghs 13 grams, what is the
density of ghe liquid?

a. 13 '
b. 1.3 . . L
c., 0.77 : -

AW 4

i—dr-~Nego—o£~%hevabeve

T -
4

& - jﬂ:*

‘; Laboratory 1 _"T *  Laboratory 2 e
Large‘test tube _ : 0.2 N sodium hydroxide,
Rlﬁz stand ‘ p " standardized

' Clamp * ~ « . | "7 10 ml pipette
N Asbestosfwire gauze c Distilled water—"
E 400-ml beaker * *® ‘ " 50 ml buret
' " - 1.,’ . 5
N Y. ’ - %
. ‘ : . — " ’
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Laboratozy 1 (Continued) Laboratory .2 (Continued)
Thermométer . 250 ml Erlenmeyer flask
Glass stirring rod ’ Phenolphthalein indicator
Pipette, 10 ml, graduated Buret holder
Balance o ( White table 'vinegar
, Potassium nitrate (approximately 5%)

Sodium nitrate & . ‘

X Potassium chlorate <

. . N \
Distilled water e

[ 4

LABORATORY PROCEDURES

LABORATORY 1. SOLUBILITY CURVES. ‘

Solubilities of salts generally increase with increasing
tgmperature. In this experiment, the solubilities of potas-

, sium nitrate, sodium nitrate, and potassium chlorate are de-

termined at several temperatures. A solubility curve is then
constructed for each compound by plotting solubiiity against
N

temperature.

PROCEDURE ‘ . '
Carefully record all data in Data Table 1.

1. Set up the apparatus, as shown in Figlre 7, and bring
the water in the beaker to boiling.

2. Weigh exactly S,gramiiof potéssium nitrate into the test
. , f et

tube.
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al . . ? .
. % THERMOMETER . 3. Add exactly 3 ml of dis-

é : tilled water to the test
. H 2-HOLE STOPPER tube, using a pipet.

..
s
2

‘r
Fyp——
4
N

A g ) gy W T E B ST SRR R SR
'
l‘ !

Insert the stopper with

P

| STIRRING ROD the thermometer and stir-
\ - (LOOSE FITTING) . rihg rtod into the test
LARGE TEST TUBE tube and clamp the tube
Cs e T, into position in the
- = -',3.‘ SAMPLE SOLUTION boiling water.

<\ 5. While heating- the test
« "BOILING WATER - tube, stir -the solution
‘until all the salt has
dissolved. If the salt
does not dissolve, add

more distilled water 1

o
R A

- P N ml at a time, keeping a

= N X record of the amount of
e water added.

Figure 7. Apparatus for 6. Remove the tube from the

Determining Solubility.

the salt has di§solved.“
7. Record” the lemperature at which time crystals of salt
. are first observed in the test tube. Record this satura-
. tion temperature, along with the ml of water addasd, in
Data Table 1. ) " ' ,
8. Add an additional 1 ml of distilled water. Put the test
~ “tube back into ‘the boiling water and repeat the deter-
mination of the saturation point under the new concen-
b tration condition. Record the teﬁberature and ml of wa-
ter in Data Table 1. ’

!
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9. Continue adding 1 ml of water (as in S?ep 8), until
- . five readings of saturation temperature haye been ob-
k tained. Record all data in Data Table 1.
10. Repéat the above steps for sodipm nitrate and potassium

"chlorate and, record all data in Data Table 1.

For each reading, the concentration dafa needs to be
. converted into grams/100 g of water. Since the density of
water is apprpximétely 1 g/ml, the number of milliliters of
water used is the.number of grams of solvent. For each
reading, calculate what weight of salt would be dissolved
in 100 grams of water. For example, if § grams of salt
dissolved in 4 grams of water, then calculate the number of =

™~
. 7 “grams that would be dissolved in 100 grams of water as fol- E
lows : .
[4 ) 5
5 Grams salt _ (x) Grams salt
4 Grams water 100 Grams water
f 4 x (X) =5 x 100 ’
- Xy =590 S
- 3 _
. = 125 g/100 Grams water
RS : ) =-Solubility -
Record the calculated concentrations in the middle column of

N s 5- d
Data Table 1. . . .

On the graph-in Data Table 1, plot the solubility-tem-
perature data and .draw a smooth curve through the points for
) each salt. Therezshould-be a solubility curve for each of
.// the three salts. Determine .the solubility of each of the
' saltsifrom the Handbook of Chemist}xiand Physics (Chemical

Y

-Rubber Publishing Company) and compare it with the solubility
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that was determined experimentally. What are some of thé

sources of error which could affect the results?

’

LABORATORY 2. PERCENTAGE OF ACETIC ACID IN VINEGAR.
p

The percentage of acetic acid in vinegar is determined
in .this experiment by titrating the vinegar with-a standard-
ized or known solution of sodium hydroxide. The exact amount
of the sodium hydroxide sblution that neutralized the acid in
the vinegar is determined by using phenolphthalein as the in-
dicator. The ‘percentage of acetic acid in vinegar is deter-
mined by using the following-equation:

$ Acetic Acid _ Grams of acetic acid < 100
in Vinegar Weight of sample of vinegar

|
-t

: mlNaOH'X NNaOH x 0.06005

Weight of sample of vinegar 100- Equation 5

>

- -

(The equivalent weight of aceti¢ acid is 60.05 grams, and
the milliequivalent weight is 0.06005 g.) A 10 ml sample
of vinegar is msed, and since the density of vinegar can be
assumed to be near 1 g/ml (almost the samne as water), the
weight of the sample of vinegar is 10 grams. The percentage
of acetic acid in most commercially available vinegars is

D,

approximately 5%.
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PROCEDURE

Carefully record all data in Data Table 2.

1. Pipetfe a 10 ml sample of vinegar into a 250 ml Erlen-
meyer flask containing 50 ml of distilled water.

2. Add twp drops of phenolphthalein to the flask.

3. Fill a buret with a standardized solution of 0.2 N

NaOH. _

4, Slowly add the NaOH to’ the vinegar until the énd point
is reached. 1In Data Table 2, record the ml of NaOH
used. , ' '

5. Perfor% the titration twice more, using two additional

samples of the same vinegar.

6. Calculate the percentage of acetic acid in the §amp1es,
and calculate'the'averdge of the three determinations.
Record the calculations in Data Table 2.

)
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DATA TABLES

(]

‘ 3 , .
DATA TABLE 1. SOLUBILITY CURVES.

; Calculated Conc ' )
ml Water Added (g/100 g water) .| Saturation Temperature

Potassium Nitrate: \
1.

2.

R B

4.

e

5.

Sodium Nitrate: ‘
1. ‘ _ 1

(92

Potassium Chlorate:

» .
— — — s o
N
& \ N
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Data Table 1. Continued. . .
4
100 B
- \ / ’4
8 80 P
N
p =
[« -
(«]
° L
z 80 |
Ny
<
(/2] o .
ol - @
u v
- 40 - W .
z N
S
) - ~
D
- .
o
o) -~ —
‘U 2 .
" « ”
0 i ‘i i I 1 1 N 1 ] e
0 20 40 -80 80 100
’ TEMPERATURE (°C)
- * . ‘;
s, - )
, _
, ~_ | CH-05/Page 45

O

ERIC

Aruitoxt provided by Eic:




DATA TABLE 2. PERCENTAGE OF ACETIC ACID IN VINEGAR,

i llst Ruﬁ 2nd Run -} 3rd Run
*]Initial buret reading ‘ ' -
N |Final buret reading
! Volume NaOH used ot
% Acetic acid
Average % acetic acid: '
. /\ -
- REFERENCES
* T
1Be,rnal, J.D. "The Structyre of Liquids." Scientific American.
(August 1960) p. 124. ) . \\
Drago, Russell S. and Matwiyoff, Nicholas A. Acids and.Bases. )
. Boston, MA: 'D.C. Heath apd Co., 1968. ] . )
) Hall, F.M. '"The Theory of Acids and Bases." Education:in
Chemi y .
emistry 1, 91.(%964) |
. Hauser, E.A. "The History of Colloid Science." -Journal of
Chemical Education 32 (19588)..
MacInnes, D.A. "pH.'" Scientific Aﬁerican {January 1951).
Roselaar, L.C. "Solubility\of Salts.' Education in Chemistry. .
— 2 (1965). ‘ '
- L .
K ‘ 8" -
’ ' -
N
* A
\ ! ‘ .
Page 46/CH-0S ' (

r \ : L




P

D GLOSSARY

Acid: A substance confhiqing‘hydrogen ion (H%).

Atmosghére:‘ A unit of pressure equal to the pressure of ,the
air at sea-level or approximately 14.7 pounds to the square
inch. - .

L d

L]

Base: A substance containing hydroxyl ion (OH™).

Concentrated solution: One with a relatively iarge amount of

SOlute.ﬁv < . [} ‘. '
37
0 0 0 3 - .
Colloids: A dispersion which tends to be stable for a long
time, but is mot a true solution. ’
Density: Weight ﬁef unit volume. . ; )

Dilute solution: One with a relative &mall aq?unt of solute.

Heat of solution: The heat evolved or absorbed in the process
of solution -of a substance. ‘

a

-9

Molarity: The number of moles of solute per liter Q( sélu- ’
’ tion. b . .

®

.

r ~

Mo . ; .
hnd . . > - 2> @ . .

Neytralization: The reaction of an 'acid and base ‘to form
» water. and asalt. - . -

e = 4
Normality: The number of gram equivalents of solute per liter
of solution. | . = 4 .

N § :

a
I,

Ostwald viscometer: A devicleor measuring the viscosity of

liquids. N . ‘~\\\ . . .
. - ) . . .
pH: A measure of the hydrogen ion concentration of a solu-

tion. e oA

Salts:- Crystalline solids ‘composed of metal and nonmetal
ions. T ’ o '

.

Saturated solutiorn: One that is in equilibrium with undis-
solved solute. K - ’

<

3 ¢ . . ‘ . .
Solute: The material dis;dﬁVejﬁi& alligigﬂ/f—ﬂx\ ‘. '.j'.
Solution: A mixture in which Zhe particles will never settle

rout since the particles are very small.

2

LY

-

-
.
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Solvent: - The medium which-dissolves atmaterial.

Specific ion electrode: A device for measuring the concen-
tration of ions in solution in much the same way in which
pH is determined. '

A
é
Strong solution:' One in which the solute is highly ionized.

s

Supersaturated solution: A solution which.holds more than
the saturation value of solute at a given temperature.

Suspension: A dispersion of particles which are too large
to remain in suspension indefinitelyf :

Unsaturated solution: One in which additional solute <can
dissolve in a given weight of the solvent at a given tem-
perature,

Vapor pressure: The force exerted by a vapor in equilibrium-
with its liquid at a given tempefature.

Viscosity:» The resistance of liquids to flow.

. .- . .
Weak solution: One in which the. solute is not completely
ionized. : ‘

»

¢




